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By  H.  A.  Calkins  and  J.  B.  Yule,  Assistant  Engineers,  Forest  Service 


CHAPTER  1 
INTRODUCTION 

A  HANDBOOK  FOR  BOTH  BEGINNERS  AND  EXPERIENCED  MEN 

Durinj;  recent  years  there  has  been  a  large  increase  both  in  the 
number  of  Abney  hand  levels  ^  used  by  the  Forest  Service  and  the 
activities  in  which  they  are  needed.  A  majority  of  these  instruments, 
probably  about  95  per  cent,  are  used  by  men  untrained  and  inexperi- 
enced in  handling  surveying  equipment.  This  handbook  is  written 
primarily  but  not  solely  for  the  benefit  of  such  men.  It  should  serve 
all  Abney  users,  for  while  some  portions  may  be  too  advanced  for 
beginners  and  other  portions  too  elementary  for  experienced  instru- 
ment men  each  user  may  select  the  information  that  satisfies  his 
particular  needs. 

IMPORTANCE  OF  THE  ABNEY 

Next  to  the  compass  the  Abney  is  probably  the  most  essential  and 
popular  surveying  instrument  in  use  in  the  Forest  Service.  The 
numerous  activities  to  which  it  is  adapted,  its  stability  and  simplicity 
of  design,  its  ease  and  speed  of  manipulation,  and  the  relatively  high 
precision  that  is  so  readUy  obtained  by  the  careful  and  experienced 
operator  have  made  this  instrument  a  favorite  of  all  practical  field 
men  who  have  had  an  opportunity  to  give  it  a  thorough  trial. 

In  the  Forest  Service  there  are  probably  25  Abneys  in  use  to  one 
transit  or  level.  This  fact  alone  is  a  strong  argument  in  favor  of  the 
Abney.  Too  many  beginners  are  apt  to  regard  the  transit  or  level 
as  the  all-important  surveying  instrument  and  underestimate  the 
value  of  the  Abney.  This  is  natural  enough,  for  practically  all  sur- 
veying schools  and  engineering  handbooks  feature  the  instruments  of 
higher  precision. 

VALUE  OF  EXPERIENCE 

It  should  be  realized  that  this  handbook  does  not  cover  all  of  the 
minutest  details  and  short  cuts  that  the  field  man  obtains  through 
practical  experience  on  the  ground.  Every  experienced  man  has  his 
own  way  of  handling  the  minor  operations  of  field  activities  so  as  to 
save  time.  As  the  beginner  acquires  field  experience  the  many  minor 
uses  and  short  cuts  will  become  self-evident.  The  importance  of 
working  out  problems  on  the  ground  and  thus  obtaining  practical  field 
experience  in  all  operations  involving  the  use  of  the  Abney  can  not 
be  overestimated. 


'  The  Abney  is  also  called  a  cliDOmeter. 
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CHAPTER  2 

DESIGN  AND  DESCRIPTION 
DESIGN 

The  original  design  of  the  Forest  Service  Abney  level  was  made  in 
1914  for  the  purpose  of  obtaining  a  larger  and  more  substantial  instru- 
ment.   Subsequently,  improvements  were  made  from  time  to  time 

/£- 


Fig.  1 


Telescope  tube. 

Prism  and  cross-hair  slide. 

Prism. 

Cross-hair  slide. 
Prism  slide  lock  screw. 
Slide  tube. 
Eyepiece  cap. 
Half  lens. 

Slide  tube  lock  screw. 
Graduated  limb. 
Limb  capstan  nuts. 
Main  capstan  bolt. 
Main  clamp  nut. 


14.  Spring  washer. 

15.  Index  arm. 

16.  Index  arm  screws. 

17.  Index  arm  lock  bar. 

18.  Index  arm  lock  nut. 

19.  Lock  nut  screw. 

20.  Vial  tube. 

21.  Vial  tube  ends. 

22.  Glass  vial. 

23.  Vial  bracket. 

24.  Capstan  adjusting  screws. 

25.  Capstan  screw  anchor. 

26.  Capstan  screw  anchor  screws. 


to  meet  field  needs.  Unless  otherwise  specified,  all  information  in 
this  handbook  relates  to  the  improved  instrument  as  illustrated  by 
Figure  1.' 

iThe  index  arm-locking  device  (see  Nos.  17, 18,  and  19)  is  the  most  recent  improvement  and  will  not  be 
found  on  a  large  number  of  instruments  now  in  use.  The  names  of  parts  were  obtained  from  instrument 
manufacturing  firms  and  should  be  used  when  ordering  extra  parts. 
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DESCRIPTION 

The  eyepiece  slide  tube  can  be 
pulled  out  or  pushed  in,  in  order  to 
allow  for  focal  adjustment  of  the 
individual  operator.  The  index 
arm-locking  device  is  for  the  pur- 
pose of  setting  at  some  definite 
graduation  and  is  valuable  for  such 
•operations  as  surveying  trails  on  a 
uniform  grade.  Other  improve- 
ments are  so  obvious  when  the 
instrument  is  at  hand  that  they 
need  no  additional  description. 

THE  GRADUATED  LIMBS' 

There  are  three  types  of  grad- 
uated limbs:  Percent,  degree,  and 
topographic.  The  per  cent  hmb 
is^based  on  an  angular  unit  repre- 
sented by  the  ratio  of  1  unit  ver- 
tically to  100  units  horizontally. 
The  degree  Umb  is  based  on  an 
angular  unit  of  1  degree  or  one 
three  hundred  and  sixtieth  part  of 
a  circle.  The  topographic  limb  is 
based  on  an  angular  unit  repre- 
sented by  the  ratio  of  1  unit  ver- 
tically to  66  units  horizontally. 

On  the  improved  Abney  the  hmb 
is  graduated  with  the  per  cent 
graduations  on  one  side  and  the 
topographic  graduations  on  the 
other.  Any  combination  of  gradu- 
ations desired  on  the  limb  may  be 
obtained  from  such  firms  as  A.  Leitz 
&  Co.,  Kueffel  &  Esser  Co.,  and 
Eugene  Deitzgen  Co.  when  the  in- 
strument is  purchased. 

DESIGNS  OF  TOPOGRAPHIC  TAPES 

The  topographic  limb  and  the 
topographic  tape  were  designed  to 
be  used  together  and  the  funda- 
mental principles  of  both  are  based 
on  "feet  rises  in  1  chain."  Since, 
therefore,  a  definite  relation  exists 
between  a  horizontal  distance  of  1 
chain  and  the  topographic  limb,  a 
unit  length  of  1  chain  is  the  basis 
for  designing  all  topographic  tapes. 
The  correction  graduations  are  il- 
lustrated in  detail  by  Figure  2,  A. 


'For  purposes  of  identification  the  name  "percent,"  "degree,"  or  "topographic"  is  etched  In  the 
upper  left  corner  of  each  limb.  The  words  "rise  in  feet  per  chain  "  is  also  etched  in  the  upper  right 
comer  of  most  topographic  limbs. 
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They  are  for  the  purpose  of  reducing  slope  distances  to  horizontal 
distances  as  described  in  detail  under  (1)  Unit  Chain  Lengths, 
chapter  4,  and  illustrated  by  Figure  14. 

In  accordance  with  the  foregoing  principles,  three  topographic 
tapes,  2,  3,  and  5  chains  in  length,  have  been  designed.  Figure  2  is 
a  copy  of  the  original  design  of  the  2-chain  trailer  tape  ^  and,  as  shown 
by  A,  the  graduation  corrections  for  1  chain  are  placed  on  the  back 
of  the  tape  back  of  the  1-chain  point.  Correction  graduations  for  2 
chains,  illustrated  by  B,  are  placed  on  the  trailer  back  of  the  2-chain 
point. 

The  3  and  5  chain  topographic  tapes  *  are  not  trailer  tapes.  Stand- 
ard graduations  are  placed  on  the  front  of  each  tape.  Correction  grad- 
uations are  placed  on  the  back  of  each  tape.  On  the  3-chain  tape  the 
graduations  are  placed  back  of  the  50-link,  1-chain,  and  2-chain 
points;  on  the  5-tape  graduations  are  placed  back  of  the  50-link, 
1-chain,  2-chain,  3-chain,  and  4-chain  points. 

The  designs  of  the  3  and  5  chain  tapes  were  made  recently  and  the 
correction  graduations  were  placed  sufficiently  close  together  so  that 
a  higher  grade  of  precision  may  be  obtained  without  interpolation 
than  was  possible  with  the  older  2-chain  tape  which  was  designed  for 
use  where  speed  and  not  a  high  degree  of  precision  was  desired. 


3  This  tape  is  carried  as  standard  equipment  by  the  Kueffel  &  Esser  Co 
'These  tapes  are  handled  as  special  equipment  by  the  Lufkin  Rule  Co 


CHAPTER  3 


ADJUSTMENTS 

There  are  three  major  adjustments  to  this  instrument:  (1)  Prism 
and  cross-hair  slide,  (2)  height  of  glass  vial,  and  (3)  glass  vial  parallel 
to  line  at  sight. 

PBISM  AND  CBOSS-HAIR  SLIDE 

This  adjustment  is  for  the  purpose  of  bringing  the  etched  line 
across  the  glass  vial  into  coincidence  with  the  cross  hair  for  level 

ABC 


D 

E 

F 

G 

H 

I 

Fig.  3 

readings.  This  is  accomplished  by  first  setting  the  index  arm  at  0 
on  the  limb  and  then  moving  the  slide  in  or  out  in  the  front  end  of 
the  telescope  tube  until  the  image  of  the  black  etched  line  across  the 
glass  vial  coincidence  with  the  cross  hair.  The  positions  of  the  bubble, 
cross  hair  and  etched  lines  will  appear  as  shown  in  Figure  3,  A,  B, 
and  C. 


31600— 27t  2 
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After  proper  adjustment  has  been  made,  a  fine  line  should  be 
scratched,  either  on  the  slide  or  the  inside  of  the  telescope  tube,  in 
order  that  the  slide  may  be  placed  back  in  proper  position  after  clean- 
ing the  prism.  This  adjustment  should  always  be  tested  after  the 
slide  has  been  taken  out. 

HEIGHT  OF  GLASS  VIAL 

The  glass  vial  parallel-to-the-line-of-sight  adjustment  should  be 
approximately  correct  before  this  adjustment  is  started.  This  usually 
can  be  determined  by  inspection  or  may  be  accomplished  by  the 
method  used  in  the  adjustment  of  the  carpenter's  level;  that  is,  with 
the  index  arm  reading  zero  on  the  limb  block  up  one  end  until  the 
instrument  is  level,  turn  end  for  end  and  take  up  one-half  the  error 
by  one  adjusting  screw.  The  height  of  glass  vial  adjustment  is  for 
the  purpose  of  making  the  cross  hair  and  etched  line  coincide  for  all 
readings.  Figure  3,  D  to  I,  shows  the  relative  positions  of  etched 
Hne,  bubble,  and  cross  hair  when  the  instrument  is  read  on  steep  slopes. 

From  Figure  3  it  will  be  readily  determined  whether  the  position 
of  the  glass  vial  is  too  high,  too  low,  or  in  its  proper  position.  The 
adjustment  must  be  made  by  the  "cut  and  try"  method. 

Because  of  refraction  of  light  through  the  liquid  in  the  glass  vial, 
the  image  of  the  bubble  becomes  distorted  to  a  crescent  shape  when 
readings  are  taken  on  steep  slopes.  This  distortion  can  be  partly  but 
not  whoUy  ehminated  by  adjustment.  Therefore,  while  using  the 
instrument  it  is  necessary  that  the  image  of  the  etched  line  intersect 
the  bubble  near  the  flat  or  concave  side.  The  steeper  the  angle  read, 
the  nearer  the  etched  line  and  concave  side  of  the  bubble  should  come 
to  coinciding  and  vice  versa.  This  situation  may  be  studied  by  placing 
the  instrument  carefully  in  a  vise  or  clamp  so  that  the  etched  liae 
bisects  the  bubble.  Then  look  through  the  telescope  tube  and  note 
the  position  of  etched  line  and  bubble.  Repeat  this  operation  on  a 
number  of  angles  ranging  from  0°  to  45°  and  study  results. 

GLASS  VIAL  PARALLEL  TO  LINE  OF  SIGHT 

This  adjustment  can  be  made  in  several  different  ways,  but  the  two 
following  methods  have  been  found  to  be  the  most  practical  in  the 
field: 

Two-Man  Method 

Set  an  Abney^  on  a  stake  about  5  feet  high  midway  between  two 
trees,  telephone  poles,  or  other  substantial  objects,  100  to  200  feet 
apart,  as  shown  in  Figure  4,  A.  The  ground  should  be  about  level. 
Level  the  Abney  and  establish  a  level  line  db  between  the  two 
objects.  The  instrument  need  not  be  in  exact  adjustment  to  produce 
a  level  line  so  long  as  the  set-up  is  made  equidistant  from  the  objects. 
The  broken  lines  ac  and  he  are  sighted  with  the  Abney.  Whether 
or  not  the  instrument  is  in  adjustment  the  triangles  adc  and  hcd 
are  identical,  because  angles  at  a  and  at  &  are  equal  and  ad  equals  hd 
(Abney  set  equidistant  from  objects)  and  dc  is  common  to  the  two 
triangles.    Therefore,  ad  is  a  level  line. 


'  When  a  transit  is  available  it  may  be  used  Instead  of  an  Abney,  if  desired. 
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If  line  ah  is  too  close  to  the  ground  for  convenient  use,  establish  an 
auxiliary  level  line  efhy  measuring  equal  distances  up  from  a  and  I. 
If  several  Abneys  are  to  be  adjusted,  erect  some  sort  of  a  support 
at  ^  (a  2  by  4  about  a  foot  long  with  a  spike  near  the  top,  operated 
similarly  to  a  button  on  a  barn  door,  is  a  handy  arrangement) .  The 
point  at/ should  be  sufficiently  well  marked  so  that  it  can  be  seen 
through  the  Abney. 


B 

Fig.  4.— Sketches  showing  two  methods  of  adjustment 

Set  the  index  arm  at  zero.  Place  Abney  on  support  g  and  manipu- 
late g  until  the  cross  wire  is  coincident  with  the  sight  at  /  If  the 
bubble  does  not  bisect  the  etched  line,  raise  or  lower  one  end  of  the 
level  vial  by  operating  one  adjusting  screw  until  the  bubble  is 
brought  into  proper  position.  When  the  etched  line  bisects  the 
bubble  and  at  the  same  time  the  line  of  sight  is  coincident  with  the 
line  ef,  this  adjustment  is  completed. 
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One-Man  Method 

Select  two  trees  or  other  objects  about  100  feet  apart  on  nearly 
level  ground,  as  shown  in  Figure  4,  B.  Set  a  mark  at  a;  then  move 
to  i.  Set  the  index  arm  of  the  Abney  at  0  and  sight  a  from 
h;  move  the  Abney  up  and  down  at  h  till  some  point  is  found  which 
apparently  is  on  a  level  line  through  a.    Mark  the  point  at  5. 

Now  move  to  position  c  and  repeat  the  operations  that  were  per- 
formed at  i  and  determine  point  c.  Set  a  point  d  midway  between 
XI  and  c  which  produces  the  true  level  line  db  from  which  the  adjust- 
ment should  be  made  in  exactly  the  same  manner  as  described  in 
the  preceding  paragraph  after  level  line  ef,  Figure  4,  A,  had  been 
established. 


Fig.  5. — Final  test  of  adjustment 
FINAL  CHECK  OF  ADJUSTMENTS 

After  all  adjustments  have  been  made  they  should  be  checked  to 
be  sure  that  some  adjustment  has  not  been  disturbed  while  some 
other  adjustment  was  being  made. 

As  a  final  test,  read  up  and  down  between  two  definite  objects 
on  a  steep  slope  (30°  to  45°) .  If  both  readings  are  identical,  the 
instrument  is  in  good  adjustment.    (Fig.  5.) 


CHAPTER  4 


USES 

per  cent  limb 
Roads  and  Trails 

The  uses  of  the  Abney  level  in  the  survey  and  construction  of  roads 
and  trails  are  varied  and  numerous.  A  detailed  description  of  each 
form  of  use  will  be  attempted  here,  in  so  far  as  the  particular  use  may 
be  desirable  in  general  practice. 

This  section  will  be  discussed  in  the  following  order:  Location  roads, 
location  trails,  and  construction. 

Location  Roads 

The  use  of  the  Abney  on  road  location  is  so  intimately  related  to 
every  phase  of  the  work  that  a  detailed  description  of  various  duties 
connected  with  location  will  be  necessary  to  bring  out  properly  the 
value  of  the  Abney  in  each  department  of  the  work.  Since,  however, 
this  is  a  treatise  on  the  Abney  level,  the  description  is  confined  to  the 
various  uses  of  this  instrument  on  location  and  no  attempt  is  made 
to  give  a  complete  analysis  of  location  survey  work. 

Location  surveys  may  be  divided  into  the  following  steps: 

Preliminary  and  trial  lines. 

Center-line  location. 

Profile. 

Cross  sections  and  topography. 
Section-line  ties. 

Preliminary  and  trial  lines. — The  importance  of  the  Abney  level 
for  running  preliminary  and  trial  lines  can  hardlj^  be  overestimated. 

Preliminary  surve^^s  are  more  or  less  elaborate  according  to  circum- 
stances. But  whether  the  survey  is  to  be  of  sufficient  detail  to  per- 
mit the  platting  of  the  line,  profile  and  cross  sections  from  which  a 
projected  location  may  be  made,  or  whether  it  will  consist  only  of  a 
trial  line  for  the  purpose  of  determining  the  grade  necessary  to  reach 
a  certain  objective,  the  Abney  is  rapidly  forcing  recognition  as  the 
most  desirable  instrument  for  this  work. 

The  use  of  this  instrument  in  connection  with  the  more  elaborate 
preliminary  surveys  will  not  be  discussed  here  as  its  uses  on  location 
surveys,  as  described  herein,  are  practically  the  same. 

In  mountainous  or  rolling  country  it  is  frequently  necessary,  over 
all  or  part  of  the  route,  to  employ  a  certain  maximum  grade.  The 
work  required  to  determine  what  grade  is  necessary  is  quickly  and 
accuratel}'^  done  with  the  Abney. 

It  may  be  assumed,  to  illustrate  this  point,  that  the  route  is 
required  to  reach  a  certain  pass.  The  engineer  with  two  or  three 
assistants  will  start  in  the  pass  and  run  trial  lines  down  on  different 
grades  to  determine  what  grade  is  necessary.    This  is  done  easily 
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with  one  Abney  but  is  greatly  speeded  up  with  two.  No  measure- 
ment of  distance  is  required.  The  Abneys  are  set  on  the  grade  to 
be  used  (see  footnote  1,  page  2) .  The  observation  is  best  taken  from 
the  top  of  a  stick  cut  to  a  convenient  length  to  the  top  of  a  second 
stick  of  the  same  length.  See  Figure  15,  A.  The  length  of  the  sight 
should  be  from  100  to  300  feet  or  longer,  depending  on  the 
topography  of  the  country.  When  the  reading  is  being  taken,  the 
flag  is  motioned  uphill  or  down,  as  the  case  may  be,  unt3  it  is  in  the 
correct  position  for  the  grade  being  used.  The  axmen  follow  through 
on  this  line,  lightly  blazing  the  line,  or,  if  there  are  no  trees,  setting 
occasional  stakes  that  the  position  of  that  particular  grade  may  be 
located  if  desired.  Any  number  of  lines  may  be  run  in  this  manner 
over  different  grades.  Under  ordinary  conditions  in  the  mountains, 
from  1  to  2  miles  an  hour  can  be  run. 

Center  line  location. — In  making  the  final  location  of  the  center  line, 
the  line  is  "spotted"  by  running  the  grade  line  in  a  manner  similar, 
but  with  more  care  and  study,  to  the  method  used  in  running  trial 
Knes. 

In  general,  there  are  two  types  of  location:  (1)  The  tangent  or 
base-line  method  and  (2)  the  contour  method. 

To  illustrate  these  methods,  let  it  be  assumed  that  the  route  lies 
on  reasonably  imiform  slopes  in  typical  mountaiti  country. 

Tangent  or  hase-line  location. — From  the  initial  point,  the  grade  line 
is  run  out  along  the  sidehill  and  marked  with  "flags"  at  frequent 
intervals.  The  line  of  these  flags  will  be  irregular,  but  this  process 
may  be  continued  as  long  as  the  horizontal  position  of  the  flags  does 
not  vary  greatly  from  a  straight  line  from  the  initial  point  to  the  last 
flag.  When  it  becomes  apparent  that  the  direction  of  the  line  of 
flags  is  changing,  the  center  line  is  estabhshed  by  placing  P.  I.  flags 
at  each  end  in  such  a  position  that  the  resulting  tangent  passes 
through  or  close  to  the  grade  flags.  When  the  position  of  this  Hne  is 
placed  to  the  satisfaction  of  the  engineer,  the  intermediate  flags  are 
pulled  up  and  the  location  is  contiaued  in  a  like  manner.  This  results 
in  what  is  commonly  known  as  the  "  cut  and  fiU"  method. 

Contour  method. — It  frequently  happens,  especially  on  low  standard 
roads,  that  it  is  necessary  to  resort  to  the  contour  method,  in  which 
case  the  procedure  is  the  same  as  described  above  except  that  no  P.  I. 
stakes  are  set  to  obtain  tangents.  The  first  stakes  constitute  the 
line  of  the  road.  These  stakes  are  not  on  the  center  line  but  repre- 
sent the  grade  line.  The  resulting  alignment  is  in  conformity  with 
the  contour  of  the  sidehill. 

It  is  a  common  practice  in  running  such  lines  to  run  it  in  100-foot 
units,  setting  each  stake  on  grade;  shorter  distances  being  used  as 
the  need  occurs.    Distances  are  measured  with  a  100-foot  tape. 

Profile. — The  profile  is  run  immediately  following  the  center-line 
location.  If  it  is  done  with  a  regular  engineer's  or  spirit  level,  the 
Abney  wiU  be  of  no  great  assistance  except  that  by  clamping  the  index 
arm  on  zero  it  can  be  used  as  a  Locke  level  for  spotting  turning  points 
and  pegging  profile  through  deep  draws.  However,  on  small  lateral 
or  minor  roads  where  a  high  degree  of  precision  is  not  required  in  the 
location,  the  profile  may  be  run  with  the  Abney.  This  may  be  done 
in  two  ways:  (1)  By  using  the  Abney  as  a  Locke  level '  and  running 

X  See  "Substitute  for  Locke  Level,"  ch.  4,  p.  37. 
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the  levels  in  horizontal  lines,  following  the  same  method  used  with 
the  engineer's  level,  or  (2)  by  reading  the  plus  or  minus  grade  from 
one  station  to  the  next.  Since  the  latter  method  is  the  most  practi- 
cal for  Abney  use,  it  is  used  for  illustration  below.  The  following  is 
a  sample  set  of  field  notes  for  this  method : 


station  to  station 


236-  237 

237+50 

237-  238 
238+70 

238-  239 

239-  240 

240-  241 

241-  242 

242-  243 


Grade  of 
profile 


Elevation 


+8 

/     3, 989. 0 
\     3, 995. 0 

-5 

3, 992.  5 

0 

3, 995. 0 

+7.2 

4, 000. 0 

+5.5 

4, 000.  5 

+2 

4,002.5 

-3.5 

3, 999.0 

-4.5 

3, 994.  5 

+  U 

4, 005.5 

Remarks 


Dry  draw. 


Profile  taken  in  this  manner  is  sufficiently  accurate  for  roads  of 
inferior  standard  where  it  is  not  important  to  carry  accurate  elevations 
through. 

By  using  this  method,  from  2  to  4  miles  can  be  run  in  a  day,  or  better 
than  double  the  amount  that  can  be  run  with  an  engineer's  level. 


Fig.  6.— Profile 

Figure  6  represents  the  platted  profile. 

Cross  sections  and  topography. — Cross  sections  and  topography  may 
be  conveniently  worked  together,  the  topography  being  platted  as  the 
cross-section  notes  are  called  out. 

It  is  not  the  present  practice  to  sketch  topography  on  location  and 
when  done  is  mostly  confined  to  the  higher  standard  projects.  How- 
ever, since  the  method  described  below  is  one  that  has  been  tried  and 
found  to  be  accurate  and  economical,  it  is  logical  that  an  explanation 
of  its  use  should  be  included  as  representing  another  use  of  the  Abney 
level. 

The  cross-section  party  consists  of  a  recorder  and  two  rodmen. 

When  topography  is  sketched,  a  topographer  is  added.  The  re- 
corder stands  on  the  center  line  and  records  the  notes  as  they  are  called 
out  by  the  rodman.  He  also  assists  these  men  when  needed.  Each 
man  is  equipped  with  a  rod  or  stick  cut  to  a  convenient  length  (all 
must  be  the  same  length) .    Each  rodman  is  equipped  with  an  Abney. 
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The  notes  taken  are  recorded  in  the  following  manner: 


(Left) 

(Center  line) 

(Right) 

station 

L 

C-L 

E 

—42 

1  QQ 

-TOO 

236 

X 

X 

237 

oo  tin 

X 

X 

—  43 

+50 

X 

"t-^y  -T-40 

238 

X 

in  -r 

A  O 

—  48 

1  A(\ 

+75 

X 

—  60     —  4U 

239 

X  lUU 

—  55     — 42  — 

-t-oz    -pzo  -ro^ 

240  " 

X             OU  oO 

Zfi       ^th  ^ 

—  40 

241 

a; 

X 

-16 

+  16 

242 

X 

X 

243 

-30  -10 

+  30 

a;  100 

X 

Using  station  240  as  an  example,  the  following  method  is  used  to 
take  the  cross  section.  One  of  the  reqmsites  of  the  rodman  is  a  clear 
understanding  of  the  theory  of  cross  sections.    With  this  in  mind,  no 


4! 

-  J 

w 

W 

-r- 

imm 

:^ 

:^ 

 1-1  

1 

1^ 

% 

■-1- 
-j-l 

>  t- 

i" 

.= 

>r-L 

-A 

_1_L 

it 

tT 

..1-4-. 

^  J 
 1 

-■'rf 
__  4: 

1±i 

ti 

'■} 

+4- 

f 

- + 

P 

- 

■-  + 

'Mi-} 

i 

-4+ 

M 

■tit- 

if 

Fig.  7.— Cross  section 

explanation  of  the  principle  involved  will  be  made.  The  rodmen 
move  out  to  the  right  and  left  of  the  center  line.  They  are  kept  in 
a  position  at  right  angles  to  the  center  line  by  the  recorder,  whO' 
remains  on  the  line.  The  rodmen  take  position  at  the  first  break  in 
the  ground  line.  The  percentage  of  slope  is  then  read  by  resting  the 
Abney  on  the  stick  and  sighting  to  the  top  of  the  stick  held  by  the 
recorcier.  See  Figure  15,  A.  The  reading  is  called  out  and  recorded,, 
together  with  the  distance  (horizontal) ,  whio-h  is  arrived  at  by  meas- 
uring with  the  rod  or  a  tape.  As  it  is  hardly  ever  necessary  to  take 
the  readings  out  more  than  from  50  to  75  feet,  any  reading  that 
extends  up  to  or  beyond  these  limits  may  be  marked  {x)  in  place  of 
a  distance;  generally  this  may  be  taken  to  mean  50  feet  or  more. 
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Figure  7  shows  the  notes  at  station  240  platted  on  a  scale  of  1  inch 
=  20  feet.  The  first  reading  on  the  right  is  +  32  per  cent  for  40  feet, 
the  second  +25  per  cent  for  50  feet,  etc.  For  the  first  reading  the 
rodman  sights  downhill.  If  the  second  reading  will  go  beyond  the 
distance  out  required,  he  may  simply  reverse  his  position  and  read 
the  next  slope  by  sighting  uphill  in  a  line  parallel  to  the  slope.  If 
numerous  short  readings  are  required,  he  must  be  assisted  by  the 
second  rodman.  Many  desirable  short-cut  methods  are  worked  out 
by  experienced  men  that  permit  rapid  and  accurate  work. 


Fio.  8. — Center  line  of  transverse  showing  station  numbers — elevation  at  station  points — and  inter- 
section of  even  contours  with  center  line — taken  from  profile 


At  the  same  time  that  the  cross-section  notes  are  being  taken, 
topography  may  be  sketched.  The  necessary  procedure  for  this  is 
as  follows: 

The  center-line  traverse  should  be  platted  on  this  paper,  the  paper 
to  be  in  a  continuous  roll  about  12  inches  wide.  Upon  this  traverse 
the  even  contours  are  located.  This  is  taken  from  the  profile. 
(See  Fig.  6.)  The  elevation  of  each  station  and  prominent  point  is 
also  shown.  These  elevations  are  marked  with  small  figures  inclosed 
in  circles,  as  shown  on  Figure  8. 

The  topographer  is 
equipped  with  pencil, 
eraser,  6-inch  flat  scale, 
and  sketch  board.  The 
best  type  of  sketch  board 
is  the  standard  Forest 
Service  traverse  board  on 
light  tripod.  The  board 
is  equipped  with  a  tin 
tube  on  each  end.  The 
paper  is  rolled  from  the 
tube  on  one  side  across 
the  board  to  the  opposite 
tube.  The  board  is  light 
and  can  easily  be  carried 
in  one  hand  and  is 
quickly  set  up.  This 
method  leaves  the  topographer  free  to  move  about  when  necessary 
to  study  certaiu  details  of  the  topography.  The  sketch  board  and 
map  in  position  are  illustrated  by  Figure  9. 

The  topographer  works  just  back  of  the  cross-section  party  and 
plats  the  topography  as  the  notes  are  called  out  by  that  party. 
Figure  10  shows  a  section  of  topography  partially  completed. 


Fig.  9.— Topographic  sketch  board 


31600— 27t  3 
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Taking  station  240  as  an  example,  the  following  is  the  method  for 

_|_  OO 

platting.    The  first  reading  to  the  right  is  Scale  40  feet  to 

the  right  and  make  a  dot  with  a  small  circle.  Thirty-two  per  cent 
for  40  feet  gives  a  rise  of  12.8  feet.  Taking  the  nearest  foot  would 
make  just  this  13  feet;  added  to  02  elevation  at  the  center  would 

make  elevation  15  at  the  40-foot  point.    The  next  reading  is  ^^^^ 

50 

which  would  mean  a  rise  of  12  feet.    Scale  50  feet  from  the  40-foot 

+  32 

pomt  and  mark  elevation  27.    The  last  reading  is  Scale  100 


Fig.  10.— Topography  in  course  of  construction 

feet  from  the  last  point  and  also  indicate  the  halfway  point.  Plus 
32  per  cent  for  50  feet  means  a  rise  of  16  feet;  added  to  27  makes  an 
elevation  of  43  feet  at  the  halfway  point;  32  feet  added  to  27  makes 
an  elevation  of  59  for  the  last  point.  The  rest  is  simply  a  matter  of 
interpolating  between  these  points  for  position  of  the  contours.  The 
notes  on  the  lower  side  are  platted  in  the  same  manner  except  that 
the  elevation  is  decreasing  instead  of  increasing. 

As  previously  stated,  experienced  men  will  devise  many  desirable 
short  cuts  that  will  speed  up  the  work  without  injuring  the  accuracy 
or  quality  of  the  map.  Under  average  conditions  in  mountains,  tim- 
bered country  an  experienced  crew  will  sketch  from  1  to  2J^  miles 
per  day,  sketching  a  strip  from  150  to  300  feet  wide. 
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Figure  11  shows  a  section  of  completed  map. 

Section-line  ties. — The  Abney  performs  a  valuable  service  in  mak- 
ing ties  between  road  or  trail  survey  lines  and  section  corners.  Ties 
are  usually  made  by  running  traverses  or  following  section  lines. 
Slope  distances  are  measured  with  a  100-foot  tape  and  slopes  are  read 
with  the  per  cent  Abney. 

The  slope  distances  can  later  be  reduced  to  horizontal  distance  by 
using  Table  1,  which  is  both  described  and  shown  in  chapter  5. 

LOCATION  TRAILS 

On  trail  location  the  Abney  is  the  only  instrument  required  and  is 
far  superior  to  all  other  instruments.  The  details  of  location  require 
no  explanation  as  the  work  is  very  similar  to  that  described  under 
preliminary  and  trail  lines  for  roads,  except  that  the  definite  location 
of  the  trail  is  staked  out  in  the  same  manner. 


Fig.  11. — Section  of  completed  map 
CONSTRUCTION 


On  road  and  trail  construction  the  Abney  can  be  used  both  as  a 
slope  Abney  and  a  Locke  leveP  for  retracing  the  grade  line,  setting 
slope  stakes,  running  out  drain  ditches  in  staking  out  bridges  and 
culverts,  and  for  numerous  other  purposes. 

Teee  Height  Measurements 

Tree  heights  are  essential  for  two  principal  purposes:  (1)  For 
determining  height  growth  in  connection  with  growth  and  yield  studies 
as  carried  on  by  forest  experiment  stations;  and  (2)  to  some  extent 


'See  "Substitute  for  Locke  level,"  p.  37 
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in  determining  the  number  of  logs  per  tree,  or  merchantable  height, 
in  connection  with  timber  estimating  and  appraisal  activities.  The 
Abney  level  is  the  most  popular  instrument  used  in  this  work. 

The  principles  involved  in  obtaining  heights  for  these  two  studies 
are  fimdamentaUy  the  same.  The  only  difference  Ues  in  the  fact  that 
in  growth  studies  the  height  of  the  tree  is  taken  from  the  ground  to 
the  tip  of  the  crown  (total  height),  whereas  in  timber  estimating  and 
appraisal  activities  the  height  is  measured  from  the  estimated  stump 
height  to  the  "top"  diameter  (merchantable  height).  For  example: 
If  this  top  diameter  is  6  inches,  the  tree  height  is  measured  from  the 
estimated  top  of  the  stump  to  the  point  on  the  tree  where  its  diam- 
eter is  estimated  to  be  6  inches. 


c 


Fig.  12. — Measurement  of  tree  heights 


Figure  12  illustrates  three  conditions  under  which  it  may  be  nec- 
essary to  take  measurements.  When  the  per  cent  Abney  is  used, 
the  horizontal  distance  (an  even  100  feet  being  preferred)  is  meas- 
ured out  from  the  foot  of  the  tree  and  readings  taken  as  illustrated. 
If  the  horizontal  distance  is  100  feet  then  in  Figure  12,  A  and  B, 
the  sum  of  the  Abney  readings,  and  in  C  the  difference  of  the  Abney 
readings  gives  the  total  height  of  the  tree  in  feet.  If  the  horizontal 
distance  is  more  or  less  than  100  feet  the  height  read  must  be  adjusted 


THE  ABNEY  LEVEL  HANDBOOK 


17 


accordingly.  For  example:  If  the  Abney  man  were  only  50  feet  or 
one-half  the  distance  away  from  the  tree,  the  total  height  would  be 
one-half  the  sum  of  the  Abney  readings  for  A  and  B,  and  one-half 
the  difference  of  the  readings  in  C. 


When  conditions  are  favorable  for  growth  studies  the  method  illus- 
trated in  Figure  12,  B,  is  generally  used  for  two  reasons:  (1)  The 
Abney  man  has  a  better  chance  to  see  the  exact  top  of  the  crown; 
^2)  the  maximum  reading  of  the  Abney  is  not  generally  reached. 
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The  maximum  reading  that  can  be  successfully  obtained  with  the 
per  cent  Abney  is  about  120.  It  will  be  readily  seen  that  if  the 
position  of  the  Abney  man  in  B  is  such  that  hd  equals  dc  it  would  be 
possible  to  measure  a  tree  240  feet  high  without  increasing  the  length 
of  base  beyond  100  feet.  On  the  other  hand,  by  the  method  illus- 
trated in  C,  it  would  not  be  possible  to  measure  a  tree  120  feet  high 
without  increasing  the  base. 

Logging  Engineering 

The  Abney  is  used  extensively  by  timber  appraisers  and  logging 
engineers  for  obtaining  grades  of  streams  and  slopes  to  assist  in  work- 
ing out  railroad,  flume,  and  chute  construction  costs. 

degree  limb 

Teee  Height  Measurements 

When  the  heights  of  a  large  number  of  trees  are  to  be  measured 
on  steep  slopes  and  in  dense  canopied  forests,  as  is  done  by  experi- 
ment stations  in  connection  with  yield  studies,  the  degree  Abney 
has  been  found  to  be  superior  in  several  respects  to  either  the  per 
cent  or  the  topographic  Abney.  With  the  degree  Abney  the  observer 
does  not  need  to  be  a  known  horizontal  distance  from  the  tree.  The 
instrument  (used  on  a  staff)  may  be  set  up  at  any  convenient  point 
from  which  the  tip  and  base  of  the  tree  can  be  clearly  seen  and  slope 
distances  only  need  be  measured.  This  method  materially  reduces 
the  time  required  for  field  measurements.  It  is  illustrated  by  Figure 
13,  A.  The  observer  sets  up  at  a  and  measures  the  angles  to  &  and  c 
and  the  slope  distance  ac.  The  triangle  abc  is  then  solved  for  side  a, 
the  height  of  tree,  by  means  of  a  slide  rule  device  requiring  but  one 
setting.  This  solution,  shown  in  Figure  13,  B,  is  much  superior  to 
the  long  logarithmic  solution  shown  at  Figure  13,  A,  and  enables  the 
computation  of  tree  heights  in  the  field  as  rapidly  as  the  measure- 
ments can  be  taken. 

The  slide  rule  solution  is  made  as  follows : 

On  scale  A  find  slope  distance  90,  under  this  on  scale  B  set  the 
vertical  angle  M  =  50°.  On  scale  C  find  number  equal  to  total  angle 
M  +  N  =  59°.  Then  under  this  on  scale  D  read  number  120,  which 
is  the  height  of  tree  in  feet. 

The  construction  of  the  rule  is  very  simple.  The  same  principles 
and  the  same  scales  are  employed  that  may  be  found  on  an  ordinary 
slide  rule,  but  scales  are  arranged  and  graduated  so  as  to  enable  one 
to  do  this  particular  job  with  ease  and  dispatch.  All  scales  are  in 
logarithmic  terms,  the  A  and  C  scales  being  logarithms  of  numbers 
and  the  B  and  C  scales  logarithmic  sines  of  angles.  If  an  ordinary 
20-inch  slide  rule  is  available,  logarithmic  distances  that  are  accurate 
to  the  nearest  foot  can  be  scaled  off  on  proper  sized  pieces  of  paper 
and  pasted  over  the  ordinary  rules  of  the  scale.  With  skilled  work- 
manship rules  of  the  same  size  could  be  made  capable  of  computing 
heights  to  the  nearest  tenth  of  a  foot,  a  greater  degree  of  accuracy 
than  is  usually  demanded  in  field  work.  For  convenience  in  field  use 
the  20-inch  straight  rule  can  be  calibrated  inside  a  7-inch  circular 
rule.    This  rule  is  set  by  rotating  one  scale  inside  the  other  with  the 
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same  effect  as  that  of  moving  the  sUde  in  a  straight  rule.  This  device 
has  been  made  a  part  of  the  Abney  by  using  a  complete  arc  with  slide 
rule  graduations. 

The  degree  Abney  and  circular  slide  rule  and  also  the  complete 
arc  with  slide  rule  graduations  have  been  given  a  thorough  test  at  the 
Northern  Rocky  Mountain  Experiment  Station  in  yield  studies 
requiring  the  measurement  of  a  large  number  of  tree  heights,  and 
found  exceedingly  satisfactory  in  field  use. 

topogbaphic  limb 
Measurement  of  Lines 

TOPOGRAPHIC  abney'  AND  TOPOGRAPHIC  TAPE  METHOD 

Unit  chain  lengths. — The  topographic  Abney  and  the  topographic 
tape,  as  described  in  chapter  2,  are  probably  the  most  satisfactory 
equipment  for  fast  and  accurate  line  measurement.  By  this  method 
a  precision  sufficiently  high  to  meet  practically  all  Forest  Service 
needs  is  obtained  at  a  relatively  low  cost. 


Fig.  14.— Horizontal  and  vertical  components  of  slope  distances — slope  chaining — correction  for  distance 


The  method  is  illustrated  by  Figure  14,  A.  The  positions  of  two 
chainmen,  a  and  h  (A),  chaining  a  line  down  a  slope  (the  method  is 
identical  when  chaining  up  a  slope)  are  shown.  The  Abney  is  gener- 
ally carried  by  chainman  h  who  is  at  the  rear  end  of  the  tape,  but 
sometimes,  in  order  to  guard  against  errors,  an  Abney  is  carried  by 
both  chainmen  and  notes  recorded  independently.  Suppose  that  the 
last  pin  "stuck"  by  a  is  at  the  point  occupied  by  h  and  that  h  has 
"snubbed"  or  stopped  a  at  the  2-chain  mark.  (The  slope  distance 
between  a  and  6  is  2  chains.)  h  takes  a  "shot"  or  "reading"  on  a 
at  a  point  that  is  the  same  distance  from  the  ground  as  6's  eye,  which 
is  the  height  of  instrument,  or  H.  I.*    Suppose  that  the  reading  on 


•The  improved  Abney  equipped  with  a  lopograpic  limb  is  generally  called  the  topograpic  Abney. 
<See  Figure  15  for  two  different  methods  of  obtaining  the  H.  I. 


20 


THE  ABNEY  LEVEL  HANDBOOK 


h's  Abney  is  30.  (Figs.  14,  13.)  6  finds  the  30  correction  mark  be- 
yond the  2-chain  brass  tag  (see  I,  fig.  14,  C)  and  a  tightens  tape  and 
sticks  pin  at  the  0  mark  on  the  front  end  of  the  tape.  The  horizon- 
tal distance  between  a  and  h  is  now  2  chains.  (In  practically  all  line 
measurements  it  is  the  "horizontal"  and  not  the  "slope"  distance 

that  is  required.)  Kit 
is  desired  to  make  a  1- 
chain  instead  of  a  2- 
chain  "measurement," 
the  30  correction  mark 
beyond  the  1-chain 
brass  tag  is  held  and  a 
horizontal  distance  of 
1  chain  is  obtained. 
(Seea,fig.  14,C.)  The 
above  procedure  can 
then  be  summarized  as 
follows :  Hold  a  correc- 
tion mark  back  of  the 
1  or  2,  etc.,  chain  mark 
that  corresponds  with 
the  reading  taken  by 
the  Abney;  that  is,  if 
30  is  read  on  the  Abney, 
hold  30  on  the  tape 
beyond  either  the  1  or 
2,  etc.,  chain  mark, 
depending  on  whether 
a  horizontal  unit  length 
of  1  or  more  chains  is 
desired.  Figure  14,  B 
and  C,  show  the  cor- 
rection held  on  the  tape 
corresponding  to  the 
reading  on  the  Abney. 
The  procedure  given 
above  covers  the  fun- 
damental principles  of 
this  method  of  chain- 
ing. There  are  numer- 
ous details  that  can 
only  be  acquired  by 
practical  field  experi- 
ence and  are  so  self-evident  when  on  the  ground  that  only  ordinary 
good  judgment  is  needed  in  mastering  them. 

The  greatest  advantage  of  this  method  are:  (1)  No  horizontal  cor- 
rection tables  are  needed,  (2)  distances  can  be  recorded  in  unit  lengths 
of  one  or  more  chains,  (3)  manipulation  is  mechanical  and  therefore 
almost  foolproof,  and  (4)  the  operations  are  simple. 

Fractional  chain  lengths. — It  sometimes  happens  that  a  line  can  not 
be  measured  to  unit  chain  lengths,  such  as  1  chain  or  2  chains,  but 
must  be  measured  to  fractional  chain  lengths  such  as  0.87  chain,  1.67 
chains,  etc.    There  are  two  principal  circumstances  under  which  this 


FlQ.  15.— Height  of  instrument 
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condition  happens:  (1)  Tying  into  triangulation  stations,  section  cor- 
ners, or  other  estabhshed  points;  (2)  passing  obstacles  such  as  small 
cliffs,  knolls,  etc. 

Suppose  that  chainmen  a  and  h  are  measuring  a  line  as  illustrated 
by  Figure  16,  and  because  of  a  small  ledge  or  clfflf  on  line  it  is  impos- 
sible for  h  to  see  a  at  a  unit  horizontal  distance  of  either  1  chain  or  2 
chains.  Chainman  a  is  compelled  to  select  a  point  at  the  edge  of  the 
cliff  which  is  the  only  suitable  site  from  which  shots-  may  be  taken 
both  forward  and  backward.  Suppose  also  that  chainman  a  "  sticks  " 
at  this  point  and  chainman  h  reads  1.24  chains  on  the  tape  and  74^ 
on  the  Abney;  h's  problem  is  then  to  find  the  correct  horizontal  dis- 
tance corresponding  to  a  slope  distance  of  1.24  chains  and  an  angle 

By  consulting  Table  2,  it  will  be  found  that  the  horizontal  distance 
corresponding  to  a  slope  distance  of  1  chain  (100  links)  and  an  Abney 
reading  of  74J^  is,  by  interpolation,  66.1  links.  The  horizontal  dis- 
tance corresponding  to  a  slope  distance  of  24  links  and  an  Abney 
reading  of  743/^  is  by  interpolation  16  links.  The  total  horizontal 
distance  corresponding  to  a  slope  distance  of  1.24  chains  and  an 
Abney  reading  of  743^  is, 
therefore,  66.1  +  16  =  82.1, 
which  is  for  all  practical 
purposes  0.82  chain. 

Platting  and  recording 
field  notes  are  much  simpli- 
fied by  chaining  by  unit 
lengths.  For  this  reason  it 
is  advisible,  after  a  measure- 
ment involving  a  fractional 
chain  length  has  been  made, 
to  take  an  additional  frac- 
tional measurement  that 
will  make  up  a  unit  length. 
For  example:  In  using  the 
table  in  connection  with  the 
above  problem,  a  horizontal 
distance  of  0.82  chain  is  obtained.  It  would  be  advisible  to  take 
an  additional  measurement  of  0.18  chain  so  that  the  - sum  of 
the  two  measurements  would  make  a  unit  length  of  1  chain.  Where 
only  a  few  links  are  to  be  measured  and  no  obstacles  interfere,  as  in 
the  above  case  where  only  0.18  chain  is  needed  to  obtain  an  even 
chain  length,  the  horizontal  distance  can  easily  be  measured  by 
"breaking  chain."  This  is  done  by  raising  the  lower  end  of  the 
tape  until  the  part  of  the  tape  used  is  level  or  in  a  horizontal  position. 
The  desired  division  is  then  brought  vertically  over  the  point  from 
which  the  measurement  is  to  be  made  by  using  a  plumb  line  or 
dropping  a  small  stone. 

Topographic  Survey 


Fig.  16.— Fractional  measurement 


TOPOGBAPHIC   ABNEY  AND  TOPOGRAPHIC  TAPE  METHOD 


Obtaining  differences  of  elevation. — In  measuring  lines  horizontal 
distances  only  are  considered.  The  making  of  a  topographic  or  con- 
tour map  requires  the  consideration  of  vertical  distances  or  elevations 
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as  well  as  horizontal  distances.  It  is  only  a  step  from  measuriag  lines 
or  obtaining  horizontal  distances  to  obtaining  vertical  distances  or 
elevations. 

Figure  14,  B,  shows  an  Abney  reading  of  30  and,  since  the  topo- 
graphic plate  is  graduated  in  angular  units  corresponding  to  a  rise  of 
1  foot  vertically  to  1  chain  horizontally,  the  reading  of  30  represents 
a  rise  of  30  feet  vertically  to  1  chain.  When  the  unit  length  meas- 
ured is  2  chains  instead  of  1,  and  the  difference  in  elevation  for  2 
chains  is  desired,  the  Abney  reading  is  multiplied  by  2.  If  the  unit 
measured  is  2  chains  and  the  Abney  reading  30,  the  difference  in 
elevation  is  2  X  30  or  60  feet.  (See  fig.  14,  C.)  In  like  manner,  if  the 
horizontal  distance  is  5  chains  and  the  Abney  reading  is  30,  the  differ- 
ence of  elevation  is  5X30,  or  150  feet.  Therefore,  to  obtain  the 
dift'erence  of  elevation  between  two  points,  multiply  the  horizontal 
distance  (in  chains)  between  them  by  the  Abney  reading. 

After  a  horizontal  distance  has  been  obtained  either  by  unit  or 
fractional  chain  measurements  the  corresponding  difference  in  eleva- 
tion is  always  obtained  by  multiplying  that  horizontal  distance  by 
the  Abney  reading.^ 

Importance  of  accurate  chaining. — Reliable  elevations  are  directly 
dependent  on  accurate  line  measurements  and  standard  topographic 
maps  are  equally  dependent  on  reliable  elevations.  Therefore,  if  accu- 
rate topographic  maps  are  to  be  made  by  this  method  it  is  absolutely 
essential  that  horizontal  measurements  be  accurately  made.  For 
this  reason  too  much  importance  can  not  be  placed  on  the  value  of 
good  chaining. 

Field  notes. — The  following  tabulation  is  a  very  convenient  form  of 
recording  and  handling  field  notes  obtained  by  the  topographic-Abney 
and  topographic-tape  method  when  both  elevations  and  horizontal 
distances  are  desired: 


Course 

Dist. 

Slope 

Diff.  elev. 

Elev. 

Remarks 

N.10°E 

4,  600 
4,  588 
4,  577 
4,  552 
4,  537 
4,  520 
4,  480 

Begin  at  BM  in  NE.  M  sec.  10, 
T.  7  N.,  R.  11  E.,  elevation 
4,600.    Dese.  NE.  slope. 

Birch   Creek   S.  47°  E.  -5: 
N.  50  W.  +7. 

Asc.  south  slope. 

2 
2 
2 
1 
1 

10  2 

-6 

-12^ 
-15 
-17 
-20 

-12 
-11 
-25 
-15 
-17 
-40 

2 
2 
2 

-153^ 
-10^ 
-7 

-31 
-21 
-14 

4,  449 
4,  428 
4,  414 

17  1 

-2 

-2 

4,  412 

2 

20  2 

+  5^ 
+  9H 

+  11 
+  19 

4,  425 
4,  444 

'Where  short  horizontal  distances  are  obtained  by  "breaking"  chain  an  Abney  reading  should  always 
be  taken  in  order  to  obtain  the  corresponding  difference  in  elevation. 

°SS  is  an  abbreviation  fur  side  shot  and  is  used  where  the  data  recorded  are  detached  or  independent  of 
continuous  line  notes. 
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An  SS  is  always  "boxed  off"  (enclosed  by  lines)  in  order  to  avoid 
confusion  with  major  notes.  For  example:  If  the  SS  recorded  in  the 
above  notes  were  not  "boxed  off,"  a  total  distance  of  21  instead  of 
20  would  be  obtained,  thereby  introducing  a  1-chain  error  in  the  total 
distance. 

The  first  three  columns — "  Course,"  "  Dist.,"  and  "  Slope" — are  the 
most  important  because  actual  field  data  are  recorded  thereunder. 
The  columns  "  Diff .  elev."  and  "Elev."  are  not  so  important  because 
the  data  are  derived  from  columns  "Dist.  and  Slope."  For  conven- 
ience horizontal  lines  are  placed  at  10-chain  intervals  and  the  accumu- 
lated distances  indicated  to  the  left  in  the  "  Dist."  column  as  shown  by 
the  numbers  10  and  20.  Under  "  Remarks  "  opposite  SS  the  course  of 
Birch  Creek  is  shown  to  be  S.  47°  E.  and  N.  50°  W.  The  figures  -5 
and  +  7  are  slope  readings  up  and  down  Birch  Creek  (described  more 
fully  later  on) . 
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Fig.  17. — Specimen  field  notes 

Figures  17  and  18  are  copies  of  two  specimen  sets  of  chairman's 
field  notes  and  represent  a  compilation  or  consolidation  of  the  best 
features  of  several  methods  of  keeping  notes  which  are  in  use  by  the 
General  Land  Office.  The  cumulative  distances  in  chains  and  the 
cumulative  differences  in  elevation  make  possible  an  easy  and  rapid 
method  of  transferring  information  from  field  notes  to  field  maps. 
For  this  reason  both  sets  of  notes  are  especially  adapted  for  use  in 
connection  with  topographic  surveys. 

Transfer  of  field  data. — A  topographic  survey  is  naturally  divided 
into  two  operations:  (1)  The  control  system  or  foundation  from 
which  the  map  is  made,  and  (2)  filling  in  interior  map  detail  or 
sketching  topography.  Lines  that  are  chained  and  upon  which 
elevations  are  obtained  as  described  above  become  a  part  of  the 
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foundation  or  control  system  of  a  topographic  survey.  The  control 
system,  to  be  of  the  greatest  value,  should,  when  complete,  be  a 
"skeleton"  topographic  map;  that  is,  a  complete  topographic  map 
should  be  made  along  control  lines  or  around  control  points.  The 
transferring  of  data  from  field  notes  to  field  map  sheets  is,  in  reahty 
from  a  topographic  standpoint,  constructing  the  skeleton  topographic 
map. 

To  illustrate  and  clarify  this  operation,  the  following  description 
is  given  of  the  transfer  of  data  from  Figure  17  to  Figure  19  on  a 
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Fig.  18. — Specimen  field  notes 

scale  of  2  inches  =  1  mile  and  a  100-foot  contour  interval.  (Figure 
19,  form  493,  is  a  special  map  sheet  used  by  the  Forest  Service  for 
field  use.  The  dotted  lines  are  convienent  for  platting  lines  run  in 
the  field  in  cardinal  directions  inasmuch  as  the  dots  are  a  uniform 
distance  apart  and  eliminate  the  scaling  of  distances.  On  a  scale  of 
2  inches  =  1  mile  the  distance  between  dots  represents  a  distance  of 
2  chains). 

From  the  notes  (fig.  17)  the  line  is  running  west  between  sections 
23  and  26,  descending  over  a  northwest  slope,  and  the  elevation  at 
the  section  corner  is  6,500.  The  first  step  is  to  plat  all  topographic 
and  cultural  features;  therefore,  the  two  draws  of  Lion  Creek  and 
two  trail  intersections  are  placed  at  proper  distance  and  in  correct 
direction.  The  next  step  is  to  supply  elevations  for  corners  and  im- 
portant intersections  in  order  to  provide  control  points  for  filling  in 
interior  detail  which  will  be  described  later  on;  therefore  elevations 
are  shown  at  one-fourth  corner,  second  corner  and  the  two  draws  of 
Lion  Creek.  All  that  remains  to  be  placed  on  the  map  are  the  con- 
tours. (Platting  the  intersections  of  topographic  features,  such  as 
streams,  ridges,  etc.,  first,  aids  later  in  placing  contours  in  their  cor- 
rect position.)    Since  the  line  is  descending  over  a  northwest  slope. 


THE  ABNEY  LEVEL  HANDBOOK 


25 


the  first  contour  will  take  a  northeast  and  southwest  direction  and 
will  pass  through  the  section  corner,  since  the  elevation  of  the  section 

Firm  493.  Revlstd  WS  CoMPASSMAN. 


-2 

'6 

Fig.  19.— Specimen  map  platted  on  Form  493  from  notes  on  Fig.  17 

comer  is  6,500  feet.  The  notes  show  that  at  4  chains  the  difference 
of  elevation  is  96  feet;  therefore,  since  the  contour  interval  is  100  feet, 
the  64  (abbreviation  for  6,400)  contour  will  be  platted  in  at  4  chains 
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(this  is  sufficiently  close  to  be  consistent  with  the  scale  of  the  map 
and  precision  of  the  method)  and  will  also  take  a  northeast  and  south- 

Form  ASS.Revlseil  7915  COMPASSMAN.  ...■/C//<2<S  


:/../•///:■/> 
6f  6e  6y  ea  .  »9  ?o 


Fig.  20. — Specimen  skeleton  map  showing  amount  of  data  available  from  G.  L.  0.  chainmen's 

notebook 

west  direction.  At  8  chains  in  the  notes  the  difference  of  elevation 
is  190  feet;  therefore  the  63  contour  should  cross  in  a  northeast  and 
southwest  direction  slightly  beyond  the  8-chain  mark  (fourth  dot)  on 
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the  map.  In  like  manner,  remaining  contours  are  placed  according 
to  direction  of  slope  and  distance  in  notes  at  which  multiples  of  100 
(or  nealy  so)  are  found  in  the  "  Diff.  elev."  column.    The  elevation 


Flo.  21. — Topographic  unit  controlled  by  traverse 
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of  6,213  at  the  intersection  of  the  maia  draw  of  Lion  Creek  is  only  13 
feet  above  the  62  contour,  which  is  sufficiently  close  to  place  the  62 
contour  on  Lion  Creek. 

It  is  really  preferable  to  handle  the  above-described  operation  in 
the  field  as  it  is  always  easier  to  sketch  topography  on  the  ground 
where  the  terrain  can  be  visualized.  However,  the  notes  can  be  worked 
up  in  the  office,  if  absolutely  necessary.  Whether  worked  in  the  field 
or  office,  the  method  of  transfer  is  the  same. 

For  control  purposes. — Figure  20  shows  an  entire  section  which  has 
been  inclosed  by  transfer  as  described  above.  It  is  in  reality  a  skele- 
ton map  or  control  unit,  as  has  been  previously  mentioned. 

It  is  advisable,  when  a  line  is  run  for  control  purposes,  to  have  each 
chaiaman  carry  an  Abney  and  record  notes  independently.  One  set 
of  notes  is  for  permanent  record  and  the  other  temporary,  or  "check 
notes."  Chainmen  should  compare  notes  in  the  field  at  intervals  of 
from  10  to  20  chains  so  that  in  the  event  of  large  discrepancies  they 
may  go  back  on  the  line  until  such  decrepancies  are  located  while 
in  that  locality.  By  using  two  Abneys  the  precision  of  the  survey 
may  be  materially  raised.  Personal  errors,  such  as  recording  plus  for 
minus  angles,  are  found  when  notes  are  checked.  If  either  instrument 
is  out  of  adjustment  the  fact  will  soon  show  up  in  elevations  and 
slope  readings.  It  is  very  seldom  that  two  instruments  are  out  of 
adjustment  at  the  same  time  if  properly  adjusted  at  the  beginning. 
The  use  of  two  Abneys  eliminates  a  lot  of  lost  time  and  expense 
that  often  would  be  necessary  if  only  one  instrument  were  used 
and  lines  had  to  be  rechained  in  order  to  obtain  desired  precision. 
If  one  Abney  is  out  of  adjustment,  the  other  can  nearly  always 
be  relied  upon  for  satisfactory  notes.  When  a  circuit  is  closed  a 
better  error  of  vertical  closure  is  always  obtained  when  the  average  of 
the  instruments  is  used. 

Figure  21  represents  a  control  unit  of  irregular  shape.  The  methods 
of  line  measurement  and  transfer  of  data  are  identical  with  methods 
described  above  where  control  lines  surround  a  section.  Traverse 
stations  instead  of  section  corners  are  used  for  control  points. 

For  supplying  map  detail. — On  intensive  surveys  (usually  on  a  scale 
of  4  inches  =  1  mile)  it  is  often  necessary  to  obtain  map  detail  or  interior 
topography  by  the  Abney  and  tape  method.  Usually  lines  are  run  in 
cardinal  directions  at  regular  intervals  of  10  or  20  chains  apart  and  have 
become  known  as  "strip  lines."  The  "gridiron,"  as  differentiated 
from  the  "traverse"  or  "triangulation"  methods,  is  the  name  given 
to  an  area  that  has  been  worked  by  the  strip-Une  method.  Figure  22, 
A,  represents  a  control  unit  of  four  sections.  The  control  around 
the  exterior  boundary  was  established  by  the  Abney  and  tape  method 
on  which  two  Abneys  were  used,  as  has  been  previously  described. 
Strip  lines  A  to  P  are  also  shown  and  the  directions  in  which  they 
were  run  indicated  by  arrows.  When  the  control  lines  were  run,  sta- 
tions were  set  at  regular  intervals  from  which  strip  fines  were  initiated 
and  upon  which  strip  lines  were  terminated. 

Strip  lines  are  run  by  the  same  method  as  control  lines,  only  not 
to  such  a  high  precision.  Only  one  Abney  is  used  on  strip  lines  and 
it  is  unnecessary  to  be  so  careful  in  allowing  horizontal  corrections  of 
slope  distances  while  chaining.  Figure  22,  B,  is  a  completed  topo- 
graphic map  of  control  unit  represented  by  Figure  22,  A. 
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Fig.  22. — Strip  or  gridiron  method 
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TOPOGRAPHIC  ABNEY  AND  PACING  METHOD 

This  method  is  almost  identical  with  the  Abney  and  tape  method 
so  far  as  the  instrumental  part  of  the  operation  is  concerned.  Dis- 
tances are  obtained  by  pacing  and,  instead  of  running  lines  in  cardi- 
nal directions,  traverses  usually  follow  "master  hnes"  or  lines  of 
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least  resistance  so  that  good  pacing  conditions  may  be  obtained. 
Since  the  entire  operation  is  done  by  one  man,  Abney  readings  are 
taken  ahead  on  trees  or  other  objects  that  are  on  line  and  the  H.  I. 
(height  of  instrument)  estimated.  On  Figure  23  the  stream  trav- 
erse was  run  by  the  Abney  and  pacing  method  and  shows  one  use 
of  the  Abney  in  filling  in  interior  map  detail. 


TOPOGBAPHY  BY  ABNEY  ALONE 


On  adjacent  areas. — As  has  been  explained,  the  graduations  on  the 
topographic  plate  are  based  on  "feet  rise  per  chain."  If  a  reading  is 
taken  up  or  down  a  slope, 
ridge,  stream,  or  other 
topographic  feature,  the 
reading  indicates  the 
number  of  feet  rise  verti- 
cally for  each  chain  along 
the  line  of  sight  if  the 
slope  is  uniform.  Sup- 
pose a  "shot"  is  taken 
up  a  uniform  slope  or 
ridge  and  the  reading  is 
+  25.  It  is  evident  that 
it  will  be  4  chains  (hori- 
zontally) between  con- 
tours if  a  100-foot  con- 
tour is  used  in  sketching 
topography.  Therefore, 
by  scaling  from  the  point 
where  the  shot  is  taken 
and  in  the  direction  it  is 
taken,  the  placing  of  con- 
tours becomes  a  mechani- 
cal operation.  It  should 
be  remembered  that  the 
contours  are  spaced  up 
without  having  to  chmb 
the  slope.  This  whole 
operation  is  performed 
from  one  point.  A  num- 
ber of  shots  by  the  "Ab- 
ney alone"  method  are 
shown  on  Figure  23  by 
broken  lines  with  direc- 
tion arrows. 

This  method  is  shown  in  detail  by  Figure  24,  A,  B,  and  C.  Sup- 
pose that  the  topographer  is  occupying  station  a,  which  is  on  the  top 
of  a  hiU  and  from  which  ridges  and  draws  or  streams  are  visible  in 
all  directions.  Suppose  also  that  the  directions  of  lines  have  been 
determined  and  platted  on  the  topographer's  field  sheet  as  illustrated 
by  lines  1,  2,  3,  4,  5,  6,  7,  and  8,  A.  The  topographer's  problem  is, 
then,  to  build  a  topographic  map  of  the  area  around  him  with  the 
"Abney  alone"  (tables  are  not  even  needed  in  this  operation).  The 
first  part  of  the  operation  is  to  take  Abney  readings  down  all  streams, 


FiG.  24.— Detailed  sketches  from  one  point 
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draws,  and  ridges,  which  in  this  case  are  "master  lines."  The  read- 
ings, -5,  —20,  etc.,  are  jotted  down  along  the  master  lines.  The 
second  step  is  to  determine  the  horizontal  distance  between  contours 
and  place  a  dot  on  the  master  line  where  each  contour  crosses.  The 
third  step  is  to  space  contours  along  master  lines  as  shown  by  the 
soUd  portions  of  contours  in  B.  The  "stubbed  off"  contours  should 
show  shapes  as  near  as  it  is  possible  for  the  topographer  to  "sketch" 
or  estimate  by  eye.  For  example:  The  draw  on  Hne  4  is  much  deeper 
and  steeper  than  draw  shown  by  line  8.  After  contours  have  been 
spaced  along  master  lines,  the  remaining  portions  of  contours  (shown 
by  dotted  lines)  are  very  easily  sketched  in.  In  fact,  there  is  but 
little  that  these  portions  of  the  contour  can  do  but  "fall"  into  place. 
From  a  study  of  B,  it  is  obvious  why  ridges  and  streams  have  been 
named  "master  lines."  _  The  fourth  and  last  step  of  the  operation  is 
to  fill  in  contours  between  master  lines,  sketch  in  topographic  and 

cultural  features,  such 
as  streams,  draws, 
trails,  etc.,  and  the 
finished  map,  C,  is 
obtained. 

In  describing  the 
above  method  of  "spac- 
ing" contours  as  illus- 
trated by  Figures  23 
and  24,  it  was  assumed 
that  the  point  from 
which  the  Abney  shots 
were  taken  had  an  ele- 
vation "on  the  con- 
tour"; that  is,  to  an 
even  100  feet  as  6,400 
or  6,500,  but  it  seldom 
happens  that  the  ele- 
vation of  a  point  is  an 
exact  multiple  of  100. 

Let  us  suppose  the 
topographer  is  on  a 
known  point  on  a  ridge 
the  elevation  of  which  is  4,626  feet  (fig.  25,  A)  and  that  he  takes  a  shot 
of  +11  up  the  ridge  and  a  shot  of  —  27  down.  If  a  100-foot  contour 
interval  is  used  it  is  at  once  evident  that  the  distance  is  approximately 
6^  chains  up  the  ridge  to  the  first  contour,  and  contours  thereafter 
are  spaced  at  9-chain  intervals,  so  long  as  the  slope  of  the  ridge  remains 
the  same.  In  like  manner  it  will  be  1  chain  down  the  ridge  to  the  first 
contour  and' contours  thereafter  will  be  spaced  at  intervals  of  about  4 
chains.  To  expedite  operations,  calculations  incident  to  spacing  con- 
tours should  be  made  mentally.  To  facilitate  calculations  Abney 
shots  on  steep  slopes  and  elevations  can  generally  be  thrown  to  the 
nearest  5  feet  without  affecting  the  accuracy  of  the  map.  For  example: 
If  the  elevation  given  above  were  4,625  instead  of  4,626,  and  the  shot 
—  25  instead  of  —  27  were  used,  the  resulting  difference  in  spacing  con- 
tours on  a  scale  of  2  inches  or  4  inches  =  1  mile  would  be  negligible 
because  contours  spaced  in  from  the  two  sets  of  figures  would  be 
coincident  or  nearly  so.    At  any  rate,  the  difference  would  be  too 


Fig.  25. — Contour  spacing 
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small  to  be  considered.  On  the  other  hand,  if  a  shot  of  +  10  instead 
of  +11  were  used,  it  is  readily  seen  that  contours  spaced  at  9  and 
10  chains  would  give  a  difference  of  1  chain,  and  an  error  of  1  chain 
is  easily  detected  on  large-scale  maps.  A  little  experience  will  teach 
the  beginner  which  shots  can  be  approximated  and  which  must  be 
read  to  the  nearest  foot  and  not  make  an  appreciable  difference  on 
the  scale  of  the  map  used.  The  two  following  rules  may  be  used  in 
spacing  contours  when  the  elevation  of  the  point  from  which  spacing 
is  done  falls  between  contours:  (1)  Subtract  the  elevation  of  the  point 
from  the  elevation  of  the  next  higher  contour  and  divide  the  differ- 
ence by  the  Abney  reading  for  upgrade  shots.  The  result  will  be 
the  distance  to  the  first  contour  above  the  point.  (2)  Subtract  the 
elevation  of  the  first  contour  below  the  point  from  the  elevation  of  the 
point  and  divide  the  difference  by  the  Abney  reading  of  down-grade 
shots.  The  result  obtained  will  be  the  distance  to  the  first  contour 
below  the  point. 

It  should  be  remembered  that  Abney  shots  must  be  taken  along 
slopes  or  the  two  methods  described  above  can  not  be  used.  Figure 
25,  B,  is  designed  to  illustrate  this  point.  Suppose  a  is  the  top  of  a 
hill ;  b  the  foot  of  the  slope ;  c  is  a  known  point  on  a  flat  at  which  the 
topographer  is  located,  and  it  is  desired  to  space  contours  up  the 
slope  a-b.  The  topographer  should,  first  establish  the  position  of  b 
(both  vertically  and  horizontally)  relative  to  c  and  then  from  b  take 
a  shot  up  the  slope  a-b  and  space  in  contours.  A  shot  should  never 
be  taken  from  c  to  a  on  the  ground  and  contours  spaced  in  on  the 
topographer's  map  from  e  to  a.  The  map  thus  obtained  would  show 
that  a  was  the  top  of  the  hill  and  c  the  foot  of  the  slope,  instead  of 
a  being  the  top  of  the  hill  and  b  the  foot  of  the  slope  as  actually 
exists  on  the  ground.  It  may  appear  that  this  illustration  is  so  self- 
evident  that  such  errors  would  not  be  made;  yet  it  is  known  that 
such  errors  are  common  with  amateur  mappers.  The  correct  and 
incorrect  spacing  of  contours  as  they  would  appear  on  the  topogra- 
pher's map  sheet  are  illustrated  by  lines  de  and  fg. 

On  distant  areas. — In  sketching  topography  it  is  often  convenient, 
and  in  some  cases  necessary,  to  obtain  a  slope  reading  onsome  distant 
ridge  too  far  away  from  the  topographer  to  obtain  a  dire  ct  reading  up 
or  down  the  slope,  as  described  above.  This  can  be  done  very  easily 
by  bringing  the  bottom  of  the  Abney  telescope  tube  into  coincidence 
with  the  profile  of  the  ridge  and  leveling  the  glass  vial  while  the  Abney 
is  in  this  position.  The  slope  can  then  be  read  directly  from  the  gradu- 
ated limb. 

This  operation  is  illustrated  in  detail  by  Figure  26,  A.  The  topogra- 
pher is  shown  leveling  the  Abney  when  the  telescope  tube  is  parallel  to 
the  slope.  In  the  diagram  B,  let  ab  represent  the  slope  desired,  cd  the 
Abney,  and  ej  the  line  of  sight  from  the  topographer.  The  best 
results  will  be  obtained  when  the  desired  slope  is  not  over  1  mile 
distant,  when  cd  is  parallel  to  ab  (or  nearly  so)  and  when  eJ  is  perpen- 
dicular to  both  ab  and  cd.  In  C,  ab  and  cd  are  parallel,  but  e/is  not  per- 
pendicular to  ab  and  cd.  Under  these  conditions  the  Abney  cd  should 
never  take  the  position  cd;  that  is,  perpendicular  to  the  line  of  sight 
ef  but  should  always  be  held  parallel  to  the  slope  ab.  The  great 
difficulty  in  performing  this  operation  in  the  field  is  knowing  when 
the  Abney  is  parallel  with  and  the  line  of  sight  perpendicular  to  the 
slope. 
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This  method  is  very  valuable  when  field  operations  are  properly 
executed,  but  there  are  so  many  chances  for  error  that  the  beginner 
is  cautioned  to  use  great  care  and  be  skeptical  about  using  results 
unless  they  have  been  checked  and  he  is  satisfied  that  desired  results 
have  been  obtained. 

Suppose  that  while  the  topographer  is  at  station  a  (fig.  24,  A) , 
he  desires  a  profile  reading  of  ridge  ab.  The  operation  is 
accomplished  as  described  above  and  as  soon  as  the  reading  (which 
is  assumed  to  be  20)  is  obtained,  spacing  for  contours  is  shown  by 


Fig.  26. — Readings  on  distant  slopes 


dots  in  exactly  the  same  manner  as  shown  by  A.  "Stubbed  off" 
contours  are  also  shown  in  the  same  manner  as  shown  by  B.  The 
horizontal  position  of  a-b  is  seldom  definitely  known  at  the  time  the 
reading  is  taken,  in  which  case  the  "stubbed  off"  contours  hold 
shape  and  slope  until  the  position  of  the  ridge  a-h  is  actually  located. 

On  minor  triangulation. — The  Abney  is  often  used  on  topographic 
surveys  as  a  supplemental  instrument  in  connection  with  planetable 
work.    Tt  is  also  used  to  a  great  extent  in  obtaining  elevations  in 
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connection  with  minor  triangulations.  Often  when  a  ridge  traverse 
is  run  it  is  necessary  to  triangulate  to  some  point  on  an  adjacent 
ridge  while  passing,  and  the  Abney  is  a  very  useful  instrument  in 
this  type  of  survey. 

The  details  of  use  as  a  triangulation  instrument  are  illustrated  by 
Figure  27.  That  the  horizontal  positions  of  points  a,  h,  and  c  are 
known  (have  been  located  by  compass,  planetable  or  some  other  type 
of  instrument,  either  by  traverse  or  triangulation)  and  also  the  eleva- 
tions of  a  and  h.  Assume  the  elevation  of  a  to  be  6,500  feet  and  h 
6,400  feet,  the  distance  cb  to  be  50  chains  and  ac  to  be  30  chains  and 
the  Abney  readings  taken  from  a  and  b  to  c  +  13H  and  + 10,  respec- 
tively. The  difference  of  elevation  between  a  and  c  is  30  X  13j^  =  405 
feet,  which  added  to  the  elevation  of  a,  which  is  6,500  feet,  gives  an 
elevation  of  6,905  feet  for  c.  In  like  manner  the  difference  of  elevation 
between  h  and  c  is  50  X  10  =  500  feet,  which  added  to  the  elevation  of 
h,  which  is  6,400  feet,  gives  an  elevation  of  6,900  feet  for  c.  Thus, 
by  a  very  easy  process  the  two  elevations  of  6,900  and  6,905  feet  are 
obtained  for  the  elevation  of  c.  Either  elevation  would  be  sufficiently 
accurate  for  the  method  used,  but  the  second  elevation  is  always  val- 
uable as  a  check.    From  the  above  description,  the  following  sum- 


Fio.  27. — Use  of  Abney  on  minor  triangulations 


mary  is  given:  When  the  horizontal  position  of  two  points  and^the 
elevation  of  one  point  are  known,  multiply  the  distance  in  chains 
between  the  two  points  by  the  Abney  reading  from  one  to  the  other, 
which  will  give  the  difference  of  elevation.  Add  or  subtract  (depending 
on  whether  the  unknown  point  is  higher  or  lower  than  the  known 
point)  the  difference  of  elevation  to  or  from  the  elevation  of  the  known 
point  and  the  result  will  give  the  elevation  desired. 

PRECISION 

The  precision  of  any  instrument  is  the  degree  of  accuracy  that  can 
be  obtained  by  tlie  use  of  that  instrument  on  some  operation  or  piece 
of  work. 

There  has  been  an  excellent  opportunity  of  determining  the  pre- 
cision of  the  Abney  level  on  topographic  surveys  during  the  past  12 
years.  It  has  been  found  that,  with  two  good  instruments  well 
adjusted  and  operated  by  experienced  and  competent  field  men,  cir- 
cuits for  control  purposes,  ranging  from  10  to  15  miles  in  perimeter, 
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can  be  held  to  an  average  error  of  about  1  foot  per  mile.  A  com- 
pilation of  2,000  strip  miles  run  by  both  experienced  and  mexperi- 
cnced  men  on  several  projects  under  various  conditions  gave  an 
average  of  10  feet  per  mile  for  the  "gridiron"  method  of  obtaining 
interior  map  detail.  On  cooperative  surveys  between  the  General 
Land  Office  survey  and  the  Forest  Service,  a  record  was  kept  of  lines 
run  around  140  sections  (about  90,000  acres)  which  were  used  as 
control  units,  and  an  average  error  of  53^  feet  per  mUe  was  obtained. 
Only  one  Abney  was  used  and  the  chainmen  were  inexperienced  in 
this  type  of  work. 

The  above  figures  are  general  averages  and  maximum  errors  are 
really  what  are  desired  and  needed.  On  all  topographic  surveys  a 
precision  is  set  which  controls  maximum  errors  and  there  has  been 
no  great  difficulty  encountered  in  obtaining  the  required  precision  by 
experienced  men,  so  long  as  the  control  units  were  not  made  too  large. 

SCOPE 

The  scope  of  the  instrument  is,  generally  speaking,  the  size  of  the 
area  upon  which  it  can  be  used  and  produce  satisfactory  results.  It 
it  is  obvious  that  scope  or  size  of  area  is  governed  almost  entirely  by 
the  precision  or  degree  of  accuracy  with  which  an  activity  is  per- 
formed. 

In  preparing  special  instructions  which  will  govern  the  operations 
of  the  surveyor  or  topographer  in  the  field,  the  precision  of  the  map 
desired  is  always  included.  Suppose  it  is  desired  to  make  a  topo- 
graphic map  of  an  area  of  five  townships  on  a  scale  of  2  inches  =  1 
mile  and  a  contour  interval  of  100  feet.  Suppose  also  that  a  pre- 
cision of  one-half  the  contour  interval  is  set  for  the  project.  This 
means  that  all  principal  or  salient  topographic  features  over  the 
entire  area  must  be  located  within  50  feet  of  their  true  elevation. 

From  a  study  of  the  results  obtained,  as  explained  under  Precision, 
page  35,  together  with  field  experience,  it  seems  topography  on  an 
area  equivalent  to  half  a  township  can  be  held  to  the  precision  of  half 
the  contour  interval,  or  50  feet,  without  any  great  difficulty.  There- 
fore, the  five  townships  would  be  divided  into  9  or  10  units  each  tied 
to  a  control  point  of  higher  precision  than  can  be  obtained  by  Abney. 
In  like  manner,  where  one-fourth  the  contour  interval,  or  25  feet,  is 
the  precision  desired,  the  control  unit  should  not  exceed  one-fourth 
of  a  township.  In  other  words,  a  control  point  of  higher  precision 
must  be  supplied  for  each  one-fourth  or  one-half  township,  depending 
on  whether  one-fourth  or  one-half  the  contour  interval  is  set  as  the 
desired  precision.  On  the  five  townships,  20  units  would  be  needed 
if  a  precision  of  one-fourth  contour  interval  is  desired. 

The  scope  of  the  Abney  would  then  be  an  area  of  one-half  or  one- 
fourth  township,  depending  on  precision.  In  like  manner  the  scope 
may  decrease  or  increase  in  area,  depending  on  whether  the  precision 
is  raised  or  lowered. 

COSTS 

The  Abney,  in  addition  to  raising  the  standard  of  topographic 
maps  over  old  methods  used  by  the  Forest  Service,  has  also  materi- 
ally reduced  costs. 
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On  timber  surveys  on  a  scale  of  4  inches  =  1  mile,  worked  by  the 
gridiron  method,  the  entire  project  costs  have  ranged  from  10  to  20 
cents  per  acre,  depending  on  the  type  of  country  and  the  number  of 
strip  lines  run  per  mile.  In  addition  to  a  topographic  map,  a  timber 
estimate  and  silvical  data  are  obtained.  Probably  about  one-half  of 
the  project  costs  would  properly  be  chargeable  against  the  topographic 
map  obtained  which,  as  a  general  average,  would  be  about  73^ 
cents  per  acre. 

Topographic  maps  on  a  scale  of  2  inches  =  1  mile  have  been  made 
for  2  to  5  cents  per  acre,  depending  on  the  method  used,  type  of 
country  covered,  and  precision  and  amount  of  detail  desired. 

About  12  townships  have  been  covered  by  cooperative  surveys  by 
the  Forest  Service  and  General  Land  Office  survey  on  a  scale  of  2 
inches  =  1  mile.  Interior  detail  was  supplied  by  the  Abney  and 
pacing  method  supplemented  by  trianguiation  and  side  shots,  and 
cost  about  cents  per  acre.  The  cost  of  General  Land  Office 
survey,  which  also  furnished  control,  was  about  10  cents  per  acre. 

Under  varying  conditions,  by  different  methods,  scales,  and  pre- 
cision, the  cost  of  topographic  detail  upon  which  the  Abney  has  been 
used  has  ranged  from  13^  to        cents  per  acre. 

Tree  Height  Measurements 

The  topographic  Abney  may  be  used  with  a  66-foot  base  in  inci- 
dentally the  same  way  that  the  per  cent  Abney  is  used  with  the  100- 
foot  base,  as  described  under  tree  height  measurements,  page  16 
(per  cent  limb) .  The  topographic  Abney  should  never  be  operated 
with  a  100-foot  base,  and  likewise  the  per  cent  Abney  should  never 
be  operated  with  a  66-foot  base  unless  equivalents  such  as  are  shown 
by  Table  4,  are  used.  It  is  necessary  to  caution  the  beginner  on 
this  point, as  it  is  known  that  men  with  considerable  experience  have 
confused  the  per  cent  and  topographic  principles.  Since  there  is  a 
tape  designed  to  be  used  with  the  topographic  Abney,  as  previously 
described,  and  since  there  is  no  trailer  tape  designed  for  use  with 
the  per  cent  Abney,  the  topographic  Abney  should  be  preferable  in 
as  much  as  the  horizontal  distances  can  readily  be  measured  by 
using  the  topographic  tape. 

per  cent,  degree,  and  topographic  umbs 

Substitute  for  Locke  Level 

By  locking  the  index  arm  at  0  the  instrument  may  be  used  as  a 
Locke  level.  There  are  two  ways  that  this  can  be  done:  (1)  When 
two  men  are  available,  a  rod  is  used  and  a  line  of  levels  run  similar 
to  the  methods  used  in  running  more  precise  level  lines.  (2)  When 
only  one  man  is  available  the  line  is  run  upgrade.  From  the  initial 
point  some  object  is  sighted  on  the  ground  on  a  level  with  the  observ- 
er's eye.  The  observer  then  moves  to  the  point  sighted  and  repeats 
the  operation.  By  this  step-up  method,  elevations  may  rapidly  be 
carried  from  one  point  to  another  over  short  distances.  The  observ- 
er's H.  I.  must  be  known.  Suppose  this  H.  I.  is  5}/^  feet  and  the 
observer  has  taken  10  points  or  stations  in  reaching  his  terminal 
point.  It  is  at  once  evident  that  the  accumulated  difference  of  eleva- 
tion is  55  feet. 
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The  Locke  level  method  is  often  used,  short  distances  where  speed 
is  desired  and  a  high  degree  of  precision  is  not  essential.  This  use 
is  valuable  on  intensive  large  scale  topographic  surveys  made  par- 
tially by  one  man.^ 

It  is  at  once  obvious  that  when  the  index  arm  is  locked  at  0,  limb 
graduations  are  not  used,  and  it  is  therefore  immaterial  what  type 
of  graduated  limb  the  instrument  is  equipped  with  (per  cent,  degree, 
or  topographic)  when  substituted  for  a  Locke  level. 

MiNOB  Functions 

As  the  beginner  becomes  more  experienced,  many  minor  opera- 
tions will  be  performed  and  new  uses  developed  which  will  be  so  self- 
evident  that  no  description  of  methods  are  necessary.  This  will  be 
true  regardless  of  which  of  the  three  hmbs — the  per  cent,  degree,  or 
topographic — is  used. 


'  other  uses  of  the  Abney  as  a  Locke  level  on  roads  and  trails  are  given  on  pp.  9  and  10. 


CHAPTER  5 


TABLES 


NEED  FOR  TABLES 


The  Abney  levels  of  both  the  old  and  the  improved  types  in  use 
by  the  Forest  Service  at  the  present  time  are  made  by  several  in- 
strument manufacturers,  and  either  per  cent,  degree,  or  topographic 
graduations  may  be  marked  on  the  vertical  limb.  On  some  instru- 
ments the  Umb  is  graduated  on  both  sides  as  described  under  "grad- 
uations," page  3.  In  like  manner  a  varied  assortment  of  tapes  are 
in  use  by  the  Forest  Service  and  consist  principally  of  the  band- 
steel  type,  of  which  a  portion  are  standard  and  the  remainder  special 
equipment.  The  standard  lengths  are  1,'  2,  and  8  chains,  50,  100, 
and  300  feet.  The  special  topographic  tapes  are  2,  3,  and  5  chains  in 
length  as  described  under  Designs  of  Topographic  Tapes,  page  3. 

It  is  very  seldom  that  any  one  individual  will  be  in  possession  of 
all  the  equipment  that  is  especially  adapted  to  the  various  uses  of  the 
Abney.  For  example:  One  forest  officer  may  have  only  an  old-style 
link  chain  and  degree  Abney,  another  may  have  only  a  100-foot  tape 
and  per  cent  Abney,  and  still  another  may  have  only  a  trailer  tape 
and  topographic  Abney.  Five  tables  have  been  prepared  for  the  pur- 
pose of  increasing  the  range  of  uses  of  available  instruments.  Tables 
3,  4,  and  5  give  equivalents  between  the  per  cent,  degree,  and  topo- 
grapic  graduations  and  should  provide  sufficient  information  to  make 
possible  the  utilization  of  the  instruments  at  hand  on  any  activity. 

Table  No.  1. — Conversion  of  slope  distances  to  horizontal  distances 
[Per  cent  Abney  and  100-foot  tape^ 


Slope 

Per  cent 

dis- 

tance, 

feet 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

76 

80 

86 

90 

95 

100 

2 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

1.7 

1.7 

1.6 

1.6 

1.6 

1. 

5 

1.6 

1.5 

1.4 

4 

4.0 

4.0 

3.9 

3.9 

3.8 

3.8 

3.7 

3.6 

3.6 

3.5 

3.4 

3.4 

3.3 

3.2 

3.1 

3. 

0 

3.0 

2.9 

2.8 

6 

6.0 

5.9 

5.9 

5.8 

5.7 

5.7 

5.6 

5.5 

5.4 

5.3 

5.1 

6.0 

4.9 

4.8 

4.7 

4 

6 

4.5 

4.4 

4.2 

8 

8.0 

7.9 

7.8 

7.8 

7.7 

7.6 

7.4 

7.3 

7.2 

7.0 

6.9 

6.7 

6.6 

6.4 

6.2 

6. 

1 

5.9 

5.8 

5.7 

10 

10.0 

9.9 

9.8 

9.7 

9.6 

9.4 

9.3 

9.1 

8.9 

8.8 

8.6 

8.4 

8.2 

8.0 

7.8 

7. 

6 

7.4 

7.3 

7.1 

12 

11.9 

11.9 

11.8 

11.6 

11.5 

11.3 

11.1 

10.9 

10.7 

10.5 

10.3 

10.1 

9.8 

9.6 

9.4 

9. 

1 

8.9 

8.7 

8.S 

14 

13.9 

13.8 

13.7 

13.6 

13.4 

13.2 

13.0 

12.8 

12.5 

12.3 

12.0 

11.7 

11.2 

11.2 

10.9 

10. 

7 

10.4 

10.2 

9.9 

16 

15.9 

15.8 

15.7 

15.5 

15.3 

15.1 

14.9 

14.6 

14.3 

14.0 

13.7 

13.4 

13.1 

12.8 

12.5 

12 

11.9 

11.6 

11.3 

18 

17.9 

17.8 

17.7 

17.5 

17.2 

17.0 

16.7 

16.4 

16,1 

15.8 

15.4 

15.1 

14.7 

14.4 

14.1 

13. 

? 

13.4 

13.1112.7 

20 

19.9 

19.8 

19.6 

19.4 

19.2 

18.9 

18.6 

18.2 

17.9 

17.5 

17.1 

16.8 

16.4 

16.0 

15.6 

15. 

2 

14.9 

14.514,1 

22 

21.9 

21.8 

21.6 

21.3 

21.1 

20.8 

20.4 

20.1 

19.7 

19.3 

18.9 

18.4 

18.0 

17.6 

17.2 

16. 

8 

16.4 

1 

15.915.6 

24 

23.9 

23.7 

23.5 

23.3 

23.0 

22.7 

22.3 

21.9 

21.5 

21.0 

20.6 

20.1 

19.7 

19.2 

18.7 

18 

3 

17.8 

17.417.0 

26 

25.9 

25.7 

25.5 

25.2 

24.9 

24.5 

24.1 

23.7 

23.3 

22.8 

22.3 

21.8 

21.3 

20.8 

21.3 

n 

8 

1!1.3 

18.8 

18.4 

28 

27.9 

27.7 

27.5 

27.2 

26.8 

26.4 

26.0 

25.5 

25.0 

24.5 

24.0 

23.5 

22.4 

22.9 

21.9 

21 

3 

20,8 

20.  3  19.8 

30 

29.9 

29.7 

29.4 

29.1 

28.7 

28  .  3 

27.9 

27.4 

26.8 

26.3 

25.7 

25.2 

24.6 

24.0 

23.4 

22. 

9 

22.3 

21.7  21.2 

'A  number  of  old-style  (not  band  steel)  100-link  chains  are  still  in  use  in  some  localities. 
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Table  No.  1. — -Conversion  of  slope  distances  to  horizontal  distances — Continued 


Per  cent 


ance, 

foot 

1  r\ 

ID 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

32 

31.8 

31.  6 

31.4 

31.  0 

30.7 

30.  2 

29.  7 

29.2 

28.  6 

28.  0 

27.4 

26.8 

26. 2 

34 

33.8 

33.6 

33.  3 

33.0 

32.  6 

32. 1 

31.6 

31.0 

30.  4 

29.  8 

29.  2 

28.  £ 

27.  9 

36 

35.8 

35.6 

35.3 

34.9 

34.5 

34.0 

33.4 

32.8 

32.2 

31.5 

30.9 

30.2 

29.5 

38 

37. 8 

37.  6 

37.  3 

37.  0 

36.  4 

35.  9 

35.  3 

34.7 

34.0 

33.3 

32.  6 

31.  9 

31. 1 

40 

39.8 

39.  6 

39.  2 

38.8 

38.3 

37.  8 

37. 1 

36. 5 

35.  8 

35. 0 

34.  3 

33.5 

32. 8 

42 

41.8 

41.5 

41.2 

40.7 

40.2 

39.  6 

39.  0 

38.  3 

37.6 

36.  8 

36.0 

35.  2 

34.4 

44 

43.8 

43.5 

43. 1 

42.  7 

42. 1 

41.  5 

40.  9 

40. 1 

39.4 

38.6 

37.  7 

37.  9 

36.0 

46 

45.8 

45.  5 

45.1 

44.6 

41. 1 

43.4 

42.7 

41.9 

41.1 

40.3 

39.4 

38.6 

37.7 

48 

47.  8 

47.  6 

47.  1 

46.  6 

46.  0 

45.  3 

44.6 

43.  8 

42.  9 

42. 1 

41.2 

40.2 

39.  3 

50 

49.8 

49.4 

49.  0 

48.  5 

47.9 

47.  2 

46.  4 

45.6 

44.  7 

43.  8 

42.  9 

41.  9 

41. 0 

52 

51.  7 

51.  4 

51.0 

SO.  4 

49.  8 

49. 1 

48.  3 

47.4 

46.  5 

45.  6 

44.  6 

43.  6 

42.  6 

54 

53.7 

53.  4 

53.  0 

52.4 

51.  7 

51.  0 

50. 1 

49.  2 

48.  3 

47.  3 

46.3 

45.3 

44.  2 

56 

55.  7 

55.4 

54.9 

54.3 

5.3.6 

52.9 

52.0 

51.1 

50. 1 

49.1 

48.0 

47.0 

45,9 

58 

57.  7 

67.  4 

56.  9 

56. 3 

55.  6 

54.  7 

53.  9 

52.  9 

51.  9 

50.  8 

49.  7 

48.  6 

47.5 

60 

59.  7 

59.  3 

58.8 

58.  2 

57.  5 

56.  6 

55.  7 

54.7 

53.  7 

52.  6 

51.  4 

50.  3 

49. 1 

62 

61.  7 

61.3 

60.  8 

60. 1 

59.4 

58.  5 

57.  6 

56.5 

55.  5 

54.  3 

53.  2 

52.  0 

50.  8 

64 

63.  7 

63.  3 

62.  8 

62- 1 

61.  3 

60.  4 

59.  4 

58.4 

57.  2 

56. 1 

54.  9 

53.  7 

52.  4 

66 

65.7 

65.3 

64.  7 

64.0 

63.2 

62.3 

61.3 

60.2 

.59.0 

57.8 

56.6 

5.5.3 

54, 1 

68 

67.  7 

67.  2 

66.  7 

66.  0 

65. 1 

64.  2 

63. 1 

62.  0 

60.  8 

59.  6 

58.  3 

57.  0 

55,  7 

70 

69.7 

69.  2 

68.  6 

67.  9 

67.0 

66. 1 

65.  0 

63.8 

62.  6 

61.  3 

60.  0 

58.  7 

57.  3 

72 

71.  6 

71.2 

70.  6 

69.  9 

69.  0 

68.0 

66.  9 

65.  7 

64.4 

63. 1 

61.  7 

60.  4 

59. 0 

74 

73.6 

73.  2 

72.  6 

71.  8 

70.  9 

69.  8 

68.  7 

67.5 

66.  2 

64.  8 

63.  5 

62.0 

60.  6 

*76 

75.6 

75.2 

74.5 

73.7 

72.8 

71.7 

70.6 

69.3 

68.0 

66.6 

65.2 

63.7 

02.3 

78 

77.6 

77. 1 

76.5 

75.7 

74.7 

73.6 

72.4 

71.1 

69.8 

68.3 

66.9 

65.4 

63.9 

80 

79.6 

79.1 

78.4 

77.6 

76.6 

75.5 

74.3 

73.0 

71.6 

70.1 

68.6 

67.1 

65.5 

82 

81.6 

81.1 

80.4 

79.6 

78.5 

77.4 

76. 1 

74.8 

73.3 

71.  9 

70.3 

68.8 

67.2 

84 

83.6 

83.1 

82.4 

81.5 

80.5 

79.3 

78.0 

76.6 

75.1 

73.6 

72.0 

70.4 

68.8 

86 

85.6 

85.0 

84.3 

83.4 

82.4 

81.2 

79.9 

78.4 

76.9 

75.4 

73.7 

72.1 

70.4 

88 

87.6 

87.0 

86.3 

85.4 

84.3 

83.1 

81.7 

80.2 

78.  7 

77.1 

75.5 

73.8 

72.1 

90 

89.6 

89  0 

88.3 

87.3 

86.2 

85.0 

83.6 

82, 1 

80.5 

78.9 

77.2 

75.5 

73,7 

92 

91.  5 

91.0 

90.2 

89.3 

88. 1 

86.8 

85.4 

83.9 

82.3 

80.6 

78.9 

77.1 

75,4 

94 

93.5 

93.0 

92.2 

91.2 

90.0 

88.7 

87.3 

85.7 

84. 1 

82.4 

80.6 

78.8 

77.0 

96 

95.5 

94.9 

94. 1 

93.1 

92.0 

90.6 

89.1 

87.5 

85.9 

84.1 

82,3 

80  5 

78.6 

98 

97.0 

96.  9 

96. 1 

95. 1 

93.9 

92.5 

91.0 

89.4 

87.7 

85.9 

84.0 

82.2 

80,3 

100 

99.5 

98.9 

98.1 

97.0 

95.8 

94.4 

92.8 

91.2 

89.4 

87.6 

85.7 

83.8 

81.  9 

25.6,25.0  24.4  23, 
27.2  26.  5125.  9  25, 


33.  6  32. 
35. 2:34. 
36.  8I35. 
38.4137. 
40. 0j39. 


8  32.0  31. 

4  33.  5I32. 

9  35.0  34. 

5  36.  6  35. 
0  38. 1  37. 


6  39.  6  38, 

2  41. 1:40. 

7  42.7  41. 

3  44.  2  43. 
48.0  46.8  45.  7  44. 


41.  6  40. 1 

43.  2  42. ; 

44,  8  43. ' 
4  45.; 


49.  6  48. 

51.  2  50, 

52,  8  51. 
54.  4  53. 
56.  0  54. 


05,  6  64,  0 
67. 2  65.  6 
68.  8  67. 1 


6  56. 
2  57. 


8  23.2  22.6 
3  24.  6  24.  0 
28.  8'28.  1  27.  4  26.  8  26.  1  25.  5 
30. 4  29. 7  29.  0  28. 2  27.  5  26.  9 
32.0  31.2  30.5  29.7  29.0  28.3 


2  30.  4  29.  7 
7  31.9  31.1 
2  33.  3  22.  5 
7  34.  8  33.  9 
36.  2  35.  4 

7  37.  7|36. 8 
39.  Ii38. 2 

6  40.  6139.  6 
42. 0;41. 0 

6  ■iS.  5'42.  4 


4  47, 
0  48, 

5  50. 
151, 
7  53. 


2^40. 1 
8  47.  6 
3  49. 1 

8i60.  5 
3:52.  0 


I.  2  54.  9  53. 

8  56.4'5.5. 
I.  3  57.  9:56. 

9  59.  4  58. 
64.  0  62.  5  61.  0!59. 5 


8  59. 
4  60. 


70.  4  68. 
72.  0  70 


73.  671 

75.  2:73. 4 

76.  8  75. 0 
78.  4i76.  5 
80.  0|78. 1 


5  61. 
0  62.  4 
65.  6  63. 
.  0  65.4 
..  6  66. 


8  70 


1^68. 
71.  6  69. 
17L 
7|72, 
76, 2,74. 


44.  9  43.  8 
4  45.3 
47.  8  46.  7 
1. 3'48, 1 
I,  7|49.  5 


:,  2I50. 9 
.  6'52. 3 
.  1  53.  7 
.  5j55.  2 
58.  0  56.  6 


0  5ft 


I.  4  58.  a 
fiO.  9  59. 4 
3  60.8 
(iS.  8  62. 2 
.  2  63.  ft 


9  62, 


:  7  65. 1 
1  66.5 
6  67.9 
0  69.3 
5  70. 7 


Table  1  is  for  use  with  the  per  cent  Abney  and  100-foot  tape.  It 
furnishes  a  means  of  obtaining  horizontal  distances  when  the  per- 
centage of  slope  (Abney  reading)  and  the  slope  distance  are  known. 
By  interpolation  horizontal  distances  to  the  nearest  one-tenth  of  a  foot 
may  be  obtained.  If  properly  handled  the  table  may  be  used  with 
a  longer  tape — the  300-foot  tape  for  example.  Suppose  that  a  slope 
distance  of  175  feet  has  been  measured  and  the  slope  reading  is  25 
per  cent.  From  the  table  the  horizontal  distance  for  100  feet  on  a 
25  per  cent  slope  is  97  feet  and  the  horizontal  distance  for  75  feet  on 
a  25  per  cent  slope  is  72.8  feet.  The  total  horizontal  distance  is 
therefore  97  feet  -1-72.8  feet  or  169.8  feet.  This  use  of  the  table  is 
similar  to  the  use  of  a  traverse  table. 

If  the  difference  in  elevation  as  well  as  the  horizontal  distance  is 
desired,  it  may  be  obtained  by  multiplying  the  per  cent  of  slope  by 
the  horizontal  distance. 
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Table  No.  2. — Conversion  of  slope  distances  to  horizontal  distances 
tTopographic  Abney  and  1-cbain  (100  links)  tape] 


Topographic 


10 


2.0 
4.0 
6.0 
8.0 
10.0 

12.0 
14.0 
16.  0 
17.9 
19.  9j 

21.  9: 

23.9 
25.9 
27.9 
29.9 

31.9 
33.9 
35.  9} 
37.  9j 
39.9 

41. 9{ 
43.  91 
45.9 
47.9 
49.9 

51.9 
53.8 
55.8 
57.8 
59.8 

61.8 
63.8 
65.8 
67.8 


71.8 
73.8 
75.8 
77.8 
79.8 

81.8 
83.8 
85.8 
87.7 
89.7 

91.7 
93.7 
95.7 
97.7 
99.7 


15  20 


2.0 
4.0, 
5.  9 
7.9 
9.9j 

11.9 
13.8 
15.8 
17.8 
19.8 

21.8 
23.7 
25.7 
27.7 
29.7 

31.6 
33.6 
35.6 
37.6 
39.5 

41.5 
43.5 
45.5 
47.5 
49.4 

51.4 
63.4 
55.4 
57.3 
59.3 

61.3 
63.3 
65.3 
67.2 
69.2 

71.2 
73.2 
75.1 
77.1 
79.1 

81.1 
83.1 
85.0 
87.0 
89.0 

91.0 

92.9 
94.9 
96.9 


2.0 
4.0 
5.9 
7.8 
0.8 

11.7 

13.7 
15.6 
17.6 
19.5 

21.5 
23.4 
25.4 
27. 3| 
29.3 

31.2 
33. 2 
35.  ll 
37.1 
39.0 

41.0 
42.9 
44.9 
46.8 
48. 8j 

50.7 

52.7 
54.6 
56. 
58.5 

60.5 
62.4 
64.4 
66.3 
68.3 

70.2 
72.2 
74.1 
76.1 
78.0 

80.0 
81.9 
83.9 
85.8 
87.8 

89.7 
91.7 
93.6 
95.6 
97.5 


1.9 
3.8 

6.7 
7.7 


11.5 
13.4 
15.3 
17.2 
19. 1 

21.0 
23.0 
24.9 
26.8 
28.7 

30.6 
32.5 
34.5 
36.4 
38.3 

40.2 
42.1 
44.0 
45.9 
47.9 

49.8 
51.7 

53.0 
55.5 
57.4 

59.3 
61.2 
63.2 
65. 1 
67.0 


70.8 
72.7 
74.6 
76.6 

78.5 
80.4 
82.3 
84.2 
86.1 

88.0 
90.0 
91.9 
93.8 
95.7 


25 


30 


1.9 
3.7 
5. 6 
7.5 
9.4 

11. 2 

13. 11 
15.0 
16.8 
18.7: 

20.  6i 
22.4 
24.3 
20.2 
28. 1 

1 

29.9' 
31.8' 
33. 7| 
35.5, 
37. 4| 
I 

39.3 
41.1] 
43.0 
44.  9( 
46. 8j 

48.61 
50.5 
52.4 
54.2 
56. 1 

58.0 
59.9 
61.7 
63.6 
65.5 

67.3 
69.2 
71.1 
72.9 
74.8 

76. 

78.6 

80.4 

82.3 

84.2 

86.0 
87.9 
89.8 
9J.6 
93.5 


1.8 
3.6 
,5.5 
7.3 
9.1 

10.9 
12.7 
14.  6 
16.4 
18.2 

20.0 
21.8 
23.7 
25.5 
27.3 

29.1 
31.0 
32.8 
34.6 
36.4 

38.2 
40. 1 
41.9 
43.7 
45.6 

47.3; 
49.2 
51.0 
52.8 
54.6 

56.4 
58.3 
60. 1 
61.9 
63.7 

65.5 
67.4 
69.2 
71.0 
72.8 

74.6 
76.5 
78.3 
80. 1 
81.9 

83.8 
85.6 
87.4 
89.2 
91.0 


35 


40  45 


1.8 

3.5 
5.3 
7.1 


10.6 
12.4 
14. 1 

15.  9i 
17.71 

1 

19. 4i 
21.  2l 
23.0 
24.  7j 
26.5! 

28. 3! 
30.  0 
31.8 
33.6 
35.3 

37.0 

38.9 
40.6 
42.4 
44.2 

45.9 
47.7 
49.5 
51.2 
53.0 

54.8 
56.  5 
58.3 
60. 1 
61.8 

63.6 
65.4 
67.1 
68.9 
70.7 

72.4 
74.2 
76.0 
77.7 
79.5 

81.3 
83.0 
84.8 
86.6 
88.3 


1.7 
3.4 
5.  1 
6.8 
8.6 

10.3 
12.0 
13.7 
15.4 
17.1 

18.8 
20.5 
22.2 
23.9 
25.7 

27.4 
29. 1 
30 
32.5 
34.2 

35.9 
37.6 
39.3 
41.0 
42.8 

44.5 
46.2 
47.9 
49.6 
51.3 

53.0 
54.7 
56.4 
58.  1 
59.9 

61.6 
63.3 
65.0 
06.7 
68.4 

70.  ] 
71.8 
73.5 
75.3 
77.0 

78.7 
80.4 
82. 1 

83 

85.5 


1.7 
3.3 
5.0 
6.6 
8.3 


11.6 
13.2 
14.9 
16.5 

18.2 
19.8 
21.5 
23. 1 
24.8 

26.4 
28. 1 
29.7 
31.4 
33.0 

34.7 
36.4 
38.0 
39.7 
41.3 

43.0 
44.6 
46.3 
47.9 
49.6 

51.2 
52.9 
54.5 
56.2 
57.8 

59.5 
61.1 
62.8 
64.4 
66.1 

67.8 
69.4 
71.1 
72.7 
74.4 

76.0 
77.7 
79.3 
81.0 
82.6 


50 


55 


1.6 
3.2 
4.8 
6.4 
8.0 

9.6 
11.2 
12.8 
14.3 
15.9 

17.5 
19. 1 
20. 7 
22.3 
23.9 

25.5 
27.1 
28.7 
30.3 
31.9 

33.5 
35. 1 
30.7 
38.3 
39.9 

41.4 
43.0 
44.6 
46.2 
47.8 

49.4 
51.0 
62.6 
54.2 
55.8 

57.4 
59.0 
60.6 
62.2 
63.8 

65. 
67.0 
68.5 
70. 1 
71.7 

73.3 
74.9 
76.  5 
78. 1 
79. 


1.5 
3.1 
4.6 
6. 1 
7.7 

9.2 
10.8 
12.3 
13.8 
15.4 


60 


1.5 

3.0 
4.4 
5.9 
7.4 


10.4 
11.8 
13.3 
14.8 


16.9!  16.3 
18.4  17.8 
20.0  19.2 
21.5:  20.7 


65  70 


1.4 
2.8 
4.3 
.5.7i 
7.11 


8. 5  8. 2 

10. 0  9. 6 

11.4!  11.0 

12.  S  12.3 

14.2  13.7 


15.7 
17.1 
18.5 
19.9 


23.0  22.2'  21.4 

24.61  23.7  22.8 

26.1]  25.2  24.2 

27.  7i  26.  61  25.6 

29.2;  28.  1  27. 1 

30.7  29.6  28.5 

32.3!  31.11  29.9 

33.8  32.6;  31.3 

35.  3i  34.0,  32.8 

36.  9!  35.  5;  34.  2 
38. 4I  37. 0;  35.  6 


15.1 
16.5 
17.8 
19.2 
20.6 

22.0 
23.3 
24.7 
26.1 
27.4 

28.8 
30.2 
31.6 
32.9 
34.3 


39. 9,  38.  5 
41.  5i  40.0 
43.0;  41.4 
44.6;  42.9 

46. 1  44.  4 

47.6  45.9 

49.2  47.4 
50.  71  48. 8 
52.  2|  50.3 
53.8  51.8 

55.3  53.3 

56.8  54.8 

58.4  56.2 

59.9  57.7 

61.5  59.2 

63.0  60.7 

64.5  62.2 

66.1  63.6 

67.6  65.1 
69. 1 

70.7  68.1 

72.2  69.6 
73.7;  71.0 

75.3  72.5 

76.8  74.0 


37.0:  35.7 
38. 5I  37.0 
39.  9,  38. 4 
41.3!  39.8 
42. 7i  41.  2 


44.2 
45.6 
47.0 
48.4 
49.9 

51.3 
52.7 
.54.  1 
65.6 
57.0 


42.5 
43.9 
45.3 
46.6 


1.3 
2.6 
4.0 
5.3 
6.6 

7.9 
9.2 
10 
11.9 
13.2 

14.5 
15.9 
17.2 
18.5 
19.8 

21. 1 
22.5 
23.8 
25. 1 
26.4 

27.7 
29.1 
30.4 
31.7 
33.0 


80 


1.3 

2.5 
3.8 
6.1 
6.4 

7.6 
8.9 
10.2 
11.5 
12.7 

14.0 
15.3 
16.5 
17.8 
19. 1 

20.4 
21.6 
22.9 
24.2 
25.5 

26.7 
28.0 
29.3 
30.5 
31.8 


34.  4i  33. 1 
35.7  34.4 
37.  Ol  36.6 
38.3  36.9 
39.6:  38.2 
I 

41.  Oj  39..= 

42.  3  40.  7 

43.  6!  42.  0 

44.  9|  43.3 
48.  Oj  40.  2j  44.  5 

49.4:  47.6;  45.8 

50.  8l  48.  9.  47. 1 

52. 1  50.  2;  48.  4 

53.5  51.51  49.6 

54.91  52.9  50.9 


58.4  56.3]  64.2  52.2 

59.8  57.6;  55.5  53.5 

61.3;  59. 0|  56.8  54.7 

62.  7;  60.  4!  58.  1  56.  0 

64.1  61.7'  59.5  57.3 


65.  51  63. 1 

67.0;  64.5 

68.4  6.5.9 

69.8'  67.2 


60.8 

62.1 
63.4 
64.7 


71.2;  68.6  66.1 

I 


58.5 
59.8 
61.1 
62.4 
63.6 


Table  2  is  for  use  with  a  1-chain  (100-link)  tape  and  topographic 
Abney.  The  method  of  interpolation  and  use  with  tapes  longer  than 
1  chain  are  identical  with  the  methods  just  previously  described 
under  Table  1 .  The  horizontal  distances  obtained  by  this  table  are 
in  units  of  links  and  should  be  divided  by  100  to  convert  to  chains 

The  difference  in  elevation  is  obtained  by  multiplying  the  hori- 
zontal distance  in  chains  (not  in  links)  by  the  slope  (Abney  reading). 
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Table  No.  3 
Equivalents  of  per  cents  in  degrees 


Per  cent 


1. 
2. 
3 
4, 
5. 

6 
7 

8 
9 
10 

11 
12 

13. 
14, 
15 

16. 
17. 
18. 
19. 
20 

21. 
22 
23 
24. 
25 


Degrees 


9  05 

9  39 

10  12 

10  45 

11  19 

11  52 

12  24 

12  57 

13  30 

14  02 


Per  cent 


Degrees 


14  34 
16  07 

15  39 

16  10 

16  42 

17  13 

17  45 

18  16 

18  47 

19  17 

19  48 

20  18 

20  48 

21  18 

21  48 

22  18 

22  47 

23  16 

23  45 

24  14 

24  42 

25  10 

25  38 

26  06 
26  34 


Per  cent 


61. 
62. 
63. 
54. 
55 

56. 
57. 
68. 
59. 
60. 

61. 
62. 
63. 
64. 
65 

66. 
67. 
68. 
69 
70. 

71. 
72. 
73. 
74. 
75. 


Degrees 


27  01 

27  28 

27  55 

28  22 

28  49 

29  15 

29  41 

30  07 
30  32 

30  58 

31  23 

31  48 

32  13 

32  37 

33  01 

33  25 

33  49 

34  13 

34  36 

35  00 

35  22 

35  45 

36  08 
36  30 
36  52 


Per  cent 


76- 
77.. 
78.. 
79.. 
80. 

81-  . 

82-  . 
83- 
84.. 
85-. 

86.. 
87., 
88- 
89., 
90. 

91- 
92- 

93- 
94-, 
95. 

96. 
97. 
98. 
99- 
100 


' 

37 

14 

37 

36 

37 

67 

38 

19 

38 

40 

39 

00 

39 

21 

39 

42 

40 

02 

40 

22 

40 

42 

41 

01 

41 

21 

41 

40 

41 

59 

42 

18 

42 

37 

42 

55 

43 

14 

43 

32 

43 

50 

44 

08 

44 

25 

44 

43 

46 

OO 

Equivalents  of  degrees  in  per  cent 


Degrees 


1. 

2. 
3. 
4, 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
16. 


Per  cent 


1.74 
3.49 
5.24 
6.99 
8. 75 

10.51 
12.28 
14.05 
15. 84 
17.63 

19.44 
21.26 
23. 09 
24.93 
26. 80 


Degrees 


16.- 
17.. 
18.- 
19-. 
20- 

21-  . 

22-  . 
23.. 

24-  - 

25-  . 

26-  . 
27.. 
28.. 
29.. 
30.- 


Per  cent 


28.67 
30.57 
32.49 
34.43 
36.40 

38. 39 
40.40 
42.45 
44.  52 
46.63 

48.77 
50.95 
53.17 
56. 43 
57.73 


Degrees 


31. 
32. 
33. 
34. 
35. 

36. 
37. 
38, 
39. 
40. 

41. 
42. 
43. 
44. 
46. 


Per  cent 


60.09 
62.49 
64. 94 
67. 45 
70.02 

72.65 
75. 35 
78. 13 
80.98 
83. 91 

86.93 
90.04 
93.25 
96.57 
100. 00 


Degrees 


46 
47 

48, 
49, 
60 

51, 
52, 
53, 
54, 
55 

56 
57 
68, 
59 
60 


Table  3  is  for  the  purpose  of  converting  per  cent  to  degree  gradu- 
ations and  conversely  for  converting  degree  to  per  cent  graduations. 


Table  No.  4 
Equivalents  of  per  cents  in  topographic  graduations 


Per  cent 

Topo- 
graphic 

Per  cent 

Topo- 
graphic 

Per  cent 

Topo- 
graphic 

Per  cent 

Topo- 
graphic 

1  

0.66 
1.32 
1.98 

2.  64 

3.  30 

6  

3.96 
4.62 
5.28 
5.94 
6.60 

11  

7.26 
7.92 
8.58 
9,24 
9.90 

16  

10.56 
11.22 
11.88 
12.54 
13.20 

2  

7  

12  

17  

3  

9.".".1'11I"II 

13  

18  

4   

14  

19-  

5  

10  

15  

20  

THE  ABNEY  UEYEl,  HANDBOOK 


43 


Table  No.  4 — Continued 
Equivalents  of  per  cents  in  topographic  graduations— Continued 


Per  cent 


Topo- 
graphic 


13,86 
14.62 
15.18 
15.84 
16.50 

17. 16 
17,82 
18.48 
19. 14 
19.80 

20. 46 
21.12 
21. 78 
22.44 
23.10 

23.76 
24.42 
25.08 
25.74 
26.40 


Percent 


41 
42 
43 
44 
45 

46. 
47. 
48. 
49. 

50. 

51 
52 
53 
54. 
55. 

56 
57. 
58. 
59 
60. 


Topo- 
graphic 


27. 06 
27. 72 
28.38 
29.04 
29,70 

30.36 
31.02 
31.68 
32. 34 
33.00 

33.66 
34.32 
34.98 
35.64 
36.30 

36.96 
37.62 
38.28 
38.94 
39.60 


Per  cent 


61. 
62 
63. 
64. 
65. 

66 
67 
68. 
69 
70 

71 
72 

73. 
74. 
75 

76 
77. 
78 
79 
80 


Topo- 
graphic 


40.26 
40.92 
41.58 
42.24 
42.90 

43.56 
44.22 
44.88 
45.54 
46.20 

46.86 
47, 52 
48. 18 
48.84 
49.50 

50.16 
50.82 
51.48 
62.14 
62.80 


Per  cent 


81.. 
82.. 
83.. 
84.. 
85.. 

86.. 
87.. 
88.. 
89.. 
90.. 

91.. 
92.. 
93.. 
94.. 
95.. 

96. 
97. 
98. 
99. 
100 


Topo- 
graphic 


53.46 
54.12 
54.78 
55.44 
56.10 

56.76 
57.42 
58,08 
58.74 
59.40 

60.06 
60.72 
61.38 
62.04 
62.70 

63.36 
64.02 
64.68 
65, 34 
66.00 


Equivalents  of  topographic  graduations  in  per  cents 


Topographic 


16 
17. 
18. 
19 
20 


Per  cent 


1. 51 
3.03 
4.54 
6. 06 
7.57 

9.09 
10.60 
12.12 
13.63 
15.15 

16.  67 
18. 18 
19.70 
21. 21 
22.73 

24. 24 
25.76 
27.27 
28. 79 
30.30 


Topographic 


21 
22 
23 
24. 
25. 

26. 
27. 
28. 
29. 
30. 

31, 
32, 
33. 
34 
35 

36 
37, 
38 
39 
40 


Per  cent 


31.81 
33. 33 
34.  84 
36.36 
37.  87 

39. 39 
40.90 
42.  42 
43.93 
45. 45 

46. 97 
48.48 
50,00 
51.51 
53.03 

54.  54 
56.08 
57. 57 
59.09 
60.60 


Topographic 

Per  cent 

41  

62.11 

42  

63.63 

43  

65. 14 

44  

66.60 

45  

68. 17 

46  

69.69 

47  

71.20 

48  

72.72 

49  

74.23 

50   

75.75 

51  

77.27 

52  

78. 78 

53  

80.30 

54  

81.81 

55  

83.  33 

56  

S4.84 

57  

•     86. 36 

58  

87.87 

69  -  

89.39 

60  

90.90 

1 

Topographic 


61. 
62. 
63. 
64. 
65. 

66. 
67. 
68. 
69. 
70, 

71. 
72, 
73, 
74 
75 

76 
77, 
78, 
79 
80 


Table  4  furnishes  equivalents  between  per  cent  and  topographic 
graduations. 

The  66-foot  base  from  which  topographic  graduations  are  derived 
is  approximately  two-thirds  of  the  100-feet  base  from  which  the  per 
cent  graduations  are  derived.  The  following  rule  which  is  developed 
from  the  proportional  relation  that  exists  between  the  66  to  100  foot 
bases  will  be  found  convenient  where  no  great  amount  of  accuracy 
is  desired:  Multiply  topographic  Abney  readings  by  IJ^  to  convert 
them  to  per  cent  readings;  multiply  per  cent  readings  by  ^  to  con- 
vert them  to  topographic  readings.  From  Table  4,  a  per  cent  read- 
ing of  100  is  equivalent  to  a  topographic  reading  of  66.  From  the 
rule  100  X  %  =  663^,  therefore  the  amount  of  error  obtained  by  using 
the  rule  is  two-third  per  cent  for  a  reading  of  100  per  cent  and  one- 
third  per  cent  for  a  reading  of  50  per  cent. 
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Table  No.  5 
Equivalents  of  degrees  in  topographic  graduations 


Topo- 
graphic 


1. 15 

2.  30 

3.  46 

4.  62 

5.  77 

6.94 
8. 10 
9.28 
10.45 
11.64 

12.83 

14.  03 

15.  24 
16.46 
17.  68 


Degrees 


16, 
17 
18 
19. 
20 

21 
22 
23 
24, 
25 

26 
27 
28 
29 
30. 


Topo- 
graphic 


18.93 
20.18 
21.44 
22.73 

24.  02 

25.  33 

26.  67 
28.02 
29.  39 
30.78 

32.19 
33.63 

35.  09 

36.  58 
38.11 


Degrees 


31 
32 

33 
34. 
35. 

36. 
37. 
38. 
39 
40. 

41 
42 

43. 
44. 
45 


Topo- 
graphic 


39.  66 
41.24 
42.  86 
44.  52 
46.21 

47.95 
49.73 
51.  57 
53.  45 
55.  38 

57.  37 
59.43 
61.55 
63.  74 
66.  00 


Degrees 


46- 
47. 
48. 
49- 
50- 

51- 
52. 
53. 
54. 
55- 

56. 
57. 
58.. 
59. 
60. 


Equivalents  of  topograghic  graduations  in  degrees 


Degrees 


9  28 

10  18 

11  08 

11  59 

12  48 

13  38 

14  27 

15  15 

16  04 
16  51 


Topographic 


21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 


Degrees 


17  39 

18  26 

19  13 

19  59 

20  45 

21  30 

22  15 

22  59 

23  43 

24  27 

25  10 

25  52 

26  34 

27  15 

27  56 

28  37 

29  17 

29  56 

30  35 

31  13 


Topographic 


41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
68 
59 
60 


Degrees 


31  51 

32  28 

33  05 

33  41 

34  17 

34  53 

35  27 

36  02 

36  36 

37  09 

37  42 

38  14 

38  46 

39  17 

39  48 

40  19 

40  49 

41  19 

41  48 

42  16 


Topographic 


61 
62 
63 
64 

65. 

66 
67 
68 
69 
70 

71 
72 

73. 
74. 
75 

76 
77 
78 

79. 
80 


Table  5  is  for  the  purpose  of  converting  degree  to  topographic 
graduations  and,  conversely,  for  converting  topographic  to  degree 
graduations. 
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